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ASPECTS OF STREPTOMYCIN IN THE 
SURGICAL TREATMENT OF 
PULMONARY TUBERCULOSIS* 


J. Maxwett CHAMBERLAIN 


Chest Surgeon, Pack Medical Group, New York City 


INTRODUCTION 


SHAT streptomycin is an adjunct to the medical and surgical 
treatment of tuberculosis is an established fact. Its actual 
importance, however, is difficult to determine accurately 
because of inadequate controls. At first, great credit was 

given to streptomycin and its influence upon surgical 

results in tuberculosis but continued experience tends to demonstrate 
that neither streptomycin nor any other drug can be expected to replace 
sound judgment in selecting the right operation for a specific patient, to 
be done at the proper time, under good anesthesia and by a competent 
surgeon. 

Just prior to the introduction of streptomycin the surgical treatment 
of tuberculosis was making rapid and successful strides. There were 
many more good results than bad and as we reviewed the bad results it 
was often disclosed that basic principles of surgical therapy had been 
violated. We were in the process of rediscovering these principles when 


* Read before Combined Meeting of Section on Surgery and Section on Medicine, January 6, 1950. 
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streptomycin was made available. As a result, it has been extremely diffi- 
cult to assay our results and properly evaluate the role of streptomycin 
along with all the other advances in case selection, tomography, anes- 
thesia and surgical skill. The discussion to follow is an effort to review 
some of these principles in relation to the use of streptomycin. 


GENERAL CONSIDERATIONS 


Patient-resistance has always been one of the pre-requisites to sur- 
i gical therapy. No one knows exactly what patient-resistance is. It is 
variously referred to as the “defensive mechanism,” the “immunological 
response,” or the patient’s ability to handle his disease. Though good 
resistance often compensates for poor surgery, our best surgery rarely 
: alters the course of a patient without resistance. In patients, however, 
who lack this “X” factor, streptomycin often seems to confer an “ac- 
quired resistance” which may permit the early institution of surgical 
therapy. Only time, of course, will disclose the permanency of these 
adventures, but for the present, it seems fair to say that streptomycin 
contributes in some way to the development of patient-resistance. 

Another prerequisite for surgical treatment is the reduction of the 
bilateral problem into a unilateral one. A small lesion in the opposite 
chest must be one of three kinds. It is either healed, active, or indolent. 
Streptomycin has no usefulness if it is healed, but if it is active, its use 
may reduce the problem to a unilateral one in the shortest possible time. 
However, should we decide it is indolent we simply admit we don’t 
know whether the lesion is healed or active. To use or not use strepto- 
mycin on the indolent contralateral lesion is debatable, but usually it is 
decided that because of the possible acute elements accompanying the 
major offending lesion streptomycin should be given and in this way our 
attention is directed away from the indolent lesion. If during strepto- 
mycin treatment the indolent lesion does not change, the problem is 
considered unilateral and it is said to be healed; if it disappears, the prob- 
lem iv unilateral also but it was probably active. 

Finally, a properly timed operative procedure is a principle as im- 
portant now as it was before streptomycin became available. Timing is 
as important to a successful surgical result as it is in a military operation. 
The patient’s general condition, the vital signs, serial x-rays and the 
entire clinical picture must be evaluated before proceeding with an oper- 
ation. Streptomycin, though no substitute for proper timing, may con- 
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tribute, however, to an earlier surgical attack and herein lies its virtue. 
Dr. E. D. Churchill once said, through prolonged hospitalization the pa- 
tient’s personality is often converted with the sputum but sufficient time 
has not yet passed to conclude that streptomycin is a shortcut to a per- 
manent cure. 

Once the problem has become a unilateral one, in a patient with 
resistance and the time has come for surgical intervention, then the cor- 
rect surgical procedure must be decided upon. However, each operation 
to be successful is based upon certain principles and will be effective only 
if one’s concept of the underlying pathology is accurate. It is reasoned 
therefore that if these principles are reviewed in relation to the use of 
streptomycin we may estimate more accurately the influence of one 
upon the other. 


Speeciric CowsIDERATIONS 


The surgical treatment of tuberculosis, for simplification, is based 
upon five principles. These are: 1) Drainage—either Monaldi or open 
in type; 2) Relaxation—as in pneumothorax, phrenic, or thoracoplasty; 
3) Compression—extrapleural pneumothorax and the plombage proced- 
ures; 4) Resection—pneumonectomy, lobectomy, or segmental resection; 
5) Immobilization—which is the surgeon’s approach to rest—the best ex- 
ample of complete immobilization is the now obsolete intercostal neurec- 
tomy combined with phrenicectomy and scalenotomy. The relationship 
of streptomycin to these principles is very interesting. 


DRAINAGE 


The drainage procedures are often done because of “tension cavities” 
which are thought to be a complication of endobronchial tuberculosis 
at the broncho-cavitary junction. Streptomycin has found great value 
in such cases and its use will sometimes considerably alter the surgical 
recommendation. However, it should be remembered that the Monaldi 
procedure was losing its surgical support just prior to the introduction 
of streptomycin but advances in resection therapy were mainly respon- 
sible for this change. Now, however, a good response to streptomycin 
therapy may turn one’s thoughts away from resection to thoracoplasty. 

Open drainage is often done for palliation, but occasionally it is 
done to accomplish the desired bacteriological result. It should be ac- 
complished in two stages. At the first stage the incision is carried down 
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to the chest wall proper, a rib resected, and the extrapleural area over- 
lying the cavity is exposed. The wound is then packed open with gauze. 
One week later the pack is removed. By this time tissue planes have been 
sealed and the tract is lined by healthy but resistant granulation tissue. 
Unless time is of essence it is always preferable to avoid bathing virgin 
tissue with tuberculous pus. Tissue defense is adequate under these cir- 
cumstances without the aid of streptomycin. 

At a later date it may be desirable to close the broncho-cutancous 
fistula and insert a pedicle of muscle for obliteration of the residual 
space. This was frequently accomplished in the past but only after cul- 
tures of the sputum and scrapings from the cavity wall were repeatedly 
negative. I have had no conclusive experience with topical dressings of 
streptomycin under these conditions. It is possible that such dressings 
might hasten the disappearance of acid-fast bacilli but I should expect 
the myoplasty to fail were streptomycin used without regard for the 
surgical sequence as outlined above. 


CoM PRESSION 


The plombage or compression procedures are all basically an extra- 
pleural pneumothorax with a foreign body instead of air in the pocket. 
Many of the surgeons who were interested recently in the lucite ball 
procedure were men whose experiences with extrapleural pneumothorax 
had been better than ours or they were surgeons who were experiencing 
for the first time the practical aspects of the operation. 

There is one weakness of the extrapleural procedure which is more 
fundamental than the type of foreign body which is left in the extra- 
pleural pocket. A parenchymal lesion frequently extends in a peripheral 
direction yet only occasionally does it progress so rapidly that the 
pleural cavity is invaded — leading to an empyema. Usually the pleural 
cavity is protected from such complications by the development of 
adhesions and often the lung is found to be fused with the chest in 
the area of the disease. The chest wall may be thought of, then, as a 
therapeutic barrier to the peripheral extension of a parenchymal lesion 
and the artificial creation of a space between the lung and the chest wall 
may expose the patient to an extrapleural infection with or without a 
demonstrable bronchial fistula. As surgeons we frequently condemn 
the foreign body for eroding into the tuberculous focus. Actually the 
reverse is true for, from the pathologists point of view, the tuberculous 
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disease erodes into the artificially created space. The foreign body is 
incidental. 

Streptomycin, then, to be of value in the plombage procedures would 
be so only were it to prevent peripheral extension of a parenchymal 
focus. My own experience with streptomycin and extrapleural pneumo- 
thorax is too limited to be of any value, but those who were at first 
enthusiastic about the use of lucite balls have grown less so with time. 
This reaction suggests to me that the early protection afforded by the 
streptomycin (used in conjunction with the balls) was not permanently 
sustained, 

RELAXATION 


Pneumothorax is a procedure which relies essentially upon relaxation 
or recoil of the lung for its effectiveness. Pneumothorax is a medical 
problem, therefore, I shall restrict myself to the subject of selective 
thoracoplasty. 

Not only does the lung re/ax as the ribs are removed in the thoraco- 
plasty, but between stages the lung is compressed by the fluid and air in 
the subscapular pocket. Further, when rib regeneration is complete, 
inemobilization is obtained in the collapsed area. Therefore, a thoraco- 
plasty may be said to take advantage of three basic principles in the 
surgical treatment of tuberculosis: 1) relaxation, 2) compression, and 
3) immobilization. The desired amount of relaxation and compression 
is not always obtained because of endobronchial tuberculosis which 
though always present is not always of clinical significance. Its presence 
in some cases (tension cavities) may prevent a thoracoplasty success. 
On the other hand, streptomycin seems to have great usefulness in modi- 
fying the mechanical complications of endobronchial disease and since 
our modern thoracoplasty is so dependent upon relaxation and compres- 
sion for its success, preoperative streptomycin should almost always be 
used in the presence of clinically significant endobronchial disease. 

Furthermore, the early workers in this field quickly discovered that 
a thoracoplasty should not be done over acute or subacute disease which 
might go on to caseation and “shell out” beneath the thoracoplasty. If 
the elements of a lesion fail to clear on bed rest, a thoracoplasty under 
the protection of streptomycin is a violation of this early experience. 
It is generally recommended, therefore, that streptomycin be given first, 
and only after resorption of the acute pneumonic foci has occurred 
shou!d consideration be given to the performance of a thoracoplasty. 
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RESECTION 


In a general way it may be said that tuberculosis is always bilateral 
though not always bilaterally active and in resection therapy it must be 
recognized that we remove only the major active focus. As a result the 
residual foci and the circumstances likely to influence their future be- 
come our main consideration. 

Overdistention is considered to be undesirable in a lung or lobe in 
which there are tuberculous foci. The clinical proof of this statement is 
a daily observation. Were these foci known to be firmly and securely 
healed, this statement could be modified to read “overdistention is un- 
desirable in lobes with indolent or active foci.” In the past all types of 
surgical attack were designed to reduce the size of the thorax or the 
space to be occupied by the lung. Untreated patients at times have ac- 
complished this alone and this fact served as a background for our 
present collapse measures. Streptomycin is no substitute for this prin- 
ciple after resection of a lobe or lung. Though its use might delay reac- 
tivation or the breakdown of a lesion in an overdistended lobe, its influ- 
ence probably could not be maintained over a long period of time. 


. ; The obliteration of dead space is another one of our basic surgical 
principles and is equally important in the resection therapy of tuber- 
| culosis. In cases under pneumothorax therapy, the physician was quick 

' to learn that if the lung could be re-expanded and the dead space ob- 


literated in an incipient empyema, the empyema could be avoided. 
Streptomycin is no substitute for this principle, but after a lobectomy, 
for cxample, the presence of this drug in the pleural cavity might delay 
the development of an empyema while the residual lobe is in the process 
of re-expanding to obliterate the dead space. 

It is implied, of course, that the source of the bacilli or “feeder” is 
either controlled or removed at the time of the operation. Recently at 
Sea View Hospital, a tuberculous cavity perforated into the pleural 
space subsequent to a closed intrapleural pneumolysis. It was quickly 
recognized, streptomycin was given, the lobe removed and the con- 
taminated dead space obliterated by excision of the residual lobe. An 
empyema did not develop but it should be emphasized that the source 
of pleural contamination had been removed. Though streptomycin was 
used, I prefer to believe that the same result would have been accom- 
plished without it. Some of us have been frightened upon breaking into 
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a tuberculous cavity during a resection. This has happened occasionally 
in patients who were streptomycin-fast. If, at operation, the source of 
continued contamination has been removed and the dead space is ob- 
literated an empyema has not developed in these cases. On occasions Dr. 
Overholt has elected to open the cavity, aspirate its contents, pack it 
with gauze and close it, before proceeding with the resection. He was 
doing this before streptomycin was available at a time when the stress 
was directed at controlling secretions to avoid spreads. However, should 
there be a prolonged delay in the obliteration of a contaminated dead 
space, streptomycin conceivably might suspend the development of an 
empyema. 


SraTisTICAL Data 


It was my original intention to bring to you some statistical data 
based upon our experience with 200 resections, in 50 of which strepto- 
mycin was not used, but we soon realized that controls could not be 
established. 

The selection of the patients, the pre- and postoperative management, 
the anesthesia, the sex, the age, the preoperative duration of disease, 
tomography, and many other variables left us confused. The only con- 
stant factor in the series was my presence as the surgeon or as a member 
of the surgical team, but in retrospect as I review the successes and fail- 
ures I can recognize the inconsistency of my own judgment. 

Certain trends were noticeable, however. At first streptomycin was 
used in all cases. Then Dr. Ryan at St. Albans Naval Hospital suggested 
that we use streptomycin only if a spread occurred. This attitude we later 
adopted at Halloran so that out of ninety-seven resections done in these 
two hospitals less than half had streptomycin. The results are not strik- 
ingly different whether streptomycin is used or not. Both house surgeons, 
Drs. Ryan and Coyle in charge of these two services, prefer to use 
streptomycin in selected cases preoperatively and usually use it post- 
operatively only when indicated. At Triboro it is used routinely and 
Dr. Klopstock feels strongly that its routine use has been very important 
in obtaining our rather good results. At Bellevue, on Dr. Berry’s service, 
we have generally used it. 

It may interest you to know that seventy-five of the two hundred 
cases were segmental resections. About half of them have had strepto- 
mycin. Its influence is not striking when all things are considered. 


i 
i 
| 
Ee 
f 
> 
} 
4 
} 


296 THE BULLETIN 


SUMMARY 


A few patients are better prepared for surgery by the use of strepto- 
mycin. Sputum is reduced, endobronchial lesions improved, and pneu- 
monic foci resorbed. 

An additional few whose stability could not be accurately deter- 
mined before operation will require the use of streptomycin postopera- 
tively. 

y Many will not require streptomycin at all because of their innate 
resistance, proper timing of the operative procedure, and the careful 
selection of the proper operation. 

Accurate clinical evaluation, aided by tomography, the utilization of 
basic surgical principles, superior anesthesia, alert postoperative manage- 
ment, and good nursing should restore surgery to its proper place in the 
surgicaf treatment of tuberculosis. 

Streptomycin has and will in the future contribute greatly to the 
surgical management of tuberculosis, but its routine use is hardly justifi- 
able. It is quite possible that later on as we regain faith in ourselves as 
| clinicians and rediscover the basic principles upon which surgical 
therapy was founded, streptomycin will be reserved for selected cases 
just as is done now by our medical associates. 
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A. Lestiz Banks, M.A., M.D., F.R.C.P., D.P.H. 


EUTHANASIA* 


Barrister at Law 
Professor of Human Ecology, University of Cambridge 


HEN you honoured me by asking me to address you on the 
4) subject of Euthanasia | was reminded of an occasion 


when I spoke in a debate against the legalization of vol- 
untary euthanasia.' The next speaker, a medical student, 


2 rose immediately to describe my speech as consisting of 


two parts, the first a mass of frivolous irrelevancies and the second com- 
posed of extracts from the Readers Digest. I hope to escape such dev- 
astating criticism to-night by presenting the subject impartially and with 


the minimum 


The word 


of personal opinion. 
“euthanasia” does not seem to have been used in classical 


Greek although it is mentioned by Cicero quoting Atticus “By leaving 
Italy in its disturbed state, he would have a chance of dying in peace 
abroad.” It first appears in English in its original meaning of a gentle 
easy death. Thus Ben Jonson using the early form of the word wrote 
“Dare I profane so unreligious be, to greet or grieve her soft euthanasy.”™” 
Later the meaning changed from a quiet and easy death to the means of 


bringing this 


about. Thus, Hume in his essays in 1742 says “Absolute 


monarchy is the easiest death—the true euthanasia of the British Con- 


stitution.” Th 


is meaning is the one given in the New English Dictionary 


which continues “used especially with reference to a proposal that the 
law should sanction the putting painlessly to death those suffering from 


incurable and 
of the last ce 
sideration as a 


extremely painful diseases.” It was not until the latter part 
ntury that euthanasia in this sense began to receive con- 
social problem. 


The Fortnightly Review* and the Spectator’ for February 1873 both 
carried articles on this subject and about that time a number of new 
words were coined. Thus, an advocate of euthanasia became an “eutha- 


Spectator for 


* Given before the 


” “Futhanasian homicide” was one of the terms in use, to practise 


“euthanatize.” A light-hearted version appeared in the 
1873° wherein a writer said that he “saw a crab euthana- 


Oxford University Medical Society, January 31, 1950. 
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tizing a sickly fish, doubtless from the highest motives.” The writers of 
that time made it clear that their interest was academic. One said that he 
was “in no wise ambitious of introducing a practical scheme among the 
subjects of Queen Victoria.” He merely wished to discuss the subject 
philosophically as a preliminary to reform in some later age. There the 
matter rested and it was not until the early thirties of this century that 
the subject revived in practical form and the Voluntary Euthanasia 
Society was formed. 

In 1936 a Bill was introduced in the House of Lords to legalize vol- 
untary euthanasia.’ This Bill was defeated but the subject remained a 
live issue and was debated by the Medico-Legal Society in 1940.* In 
common with so many other issues it was dropped during the late war 
but it is certain that it will be revived. That revival may come first in 
the United States as a result of the current trial of a doctor for a “mercy 
killing.” 

It is important, therefore, to know precisely what is implied by the 
term euthanasia. The dictionary definition already quoted described it 
as the action of inducing a quiet and easy death. This definition makes 
no reference to the wishes of the patient or his relatives or to the legal 
penalties for such an act. During the late war countless thousands of 
people were put to death in concentration camps and elsewhere. These 
mass executions have a kind of nightmare relationship to euthanasia and 
it would perhaps be wise to limit the discussion to our own country. 

First, what is the legal position? This is clear beyond doubt. “It is 
murder for a person of sound memory and discretion unlawfully to 
kill any human creature in being and under the King’s peace, with malice 
aforethought, either express or implied by law provided the person killed 
dies of the injury inflicted within a year and a day of the same.” Man- 
slaughter is the unlawful killing of such a person without malice either 
express or implied. It should be noted that both in murder and man- 
slaughter the criminal act may be one of omission as well as of commis- 
sion. Malice, by the way, does not necessarily bear its popular meaning. 
In law, express malice exists when the deliberate purpose of the accused 
is to deprive another of life or to do some great bodily harm. Similarly 
anyone who kills another person upon the desire or command of the 
latter is guilty of murder. Even incitement to suicide, if successful, is 
murder. Therefore the present position is that the action of inducing a 
quiet and easy death is, in law, murder and a doctor deliberately shorten- 
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ing a patient’s life renders himself liable to this terrible charge. 

It was to remedy this that the Bill to legalize voluntary euthanasia 
was introduced in the House of Lords in 1936. The debate on thar Bill 
is reported in Volume 103, Hansard for the House of Lords, page 466 
and is well worth reading for several reasons. In the first place it shows 
clearly the great value of a House of Lords debate on a controversial 
but non-political subject. Secondly, the speakers set out so clearly and 
earnestly their views, and, thirdly it gives a far clearer picture of the 
subject than can be obtained from references in the literature. The Gov- 
ernment spokesman of the day was content to leave the matter to the 
House and merely pointed out that the Bill would place various duties 
and responsibilities on the Minister of Health and that opinion among 
the doctors was divided. Opposition to the Bill came from Roman 
Catholic and Anglican speakers. The Roman Catholic speaker was un- 
compromisingly against the Bill. The Lord Archbishop of Canterbury 
was less forthright, and said “I cannot but think that it is better to leave 
this most delicate matter in the hands of the medical profession, exer- 
cising its intimate and responsible judgment, rather than, as this Bill 
would propose to do, to drag into the open and regulate it by elaborate 
official procedure.” This was a most important statement. Not only did 
it make it clear that the speaker was opposed to the legalization of vol- 
untary euthanasia. It also indicated that the Anglican church would be 
prepared to countenance the discretion of the doctor. 

What then was the medical view? Both medical members of the 
House of Lords spoke against the Bill. It is significant that they were 
two of the greatest physicians this country has ever had. Lord Dawson 
of Penn spoke first and pointed out immediately that it was not correct 
to say that all cancer cases were characterized by agonizing pain. “I 
need hardly say that for pain and suffering compassion is not likely to 
be less amongst those who are constantly called upon to relieve pain. 
Your Lordships and the public outside might perhaps gain an impression 
that agonizing pain is a more frequent characteristic of disease than is 
really the case. In relation to cancer especially, it would not be correct 
to say that most cases of cancer are characterized by agonizing pain. I 
should hate that an impression should go out from the debate in this 
House that that was a correct statement. For all the unfortunate people 
who have this dreadful visitation to carry, it would be still more dis- 
tressing if they had before their minds the prospect of agonizing pain. 
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I think I should be correct in saying and my noble friend Lord Horder 
will agree that certainly in less than half the cases of fatal cancer is pain 
an outstanding feature. There has been in the last few years a steady 
growth of power on the part of my profession to assuage pain. We see 
it in the growth of the excellence of nursing and in the increase in the 
number of medicinal remedies and it may be fairly said that there is 
much more control of pain to-day than existed years ago.” Lord Horder 
made a truly statesman-like speech and I cannot do better than quote 
from it “Into this matter of putting an end to life surely a new principle 
enters and I submit that this principle is outside the doctor's reference. 
If | may use that word, surely the doctor’s reference is very clear, very 
brief, and very generally accepted. It is ‘to cure his patients of their dis- 
eases and to cure them safely, pleasantly and quickly.’ If that idea cannot 
be achieved then the doctor’s duty is to prolong life so far as may be 
and to relieve pain, that worst of evils, both bodily and mental. Be it 
observed that the good doctor is aware of the distinction between pro- 
longing life and prolonging the act of dying. The former comes within 
his terms of reference, the latter does not.” He then spoke from his vast 
clinical experience and reminded the House that inevitability of a dis- 
ease is never more than an estimate based upon experience. “How falla- 
cious experience may be in medicine only those who have had a great 
deal of experience fully recognize.” Both he and Lord Dawson empha- 
sized that the medical profession had never possessed so many means of 
relieving pain and that these means might be expected to increase in the 
future. Finally, Lord Horder made a comment which cannot be too 
often repeated. He pointed out the need to distinguish between the 
agony of friends and the agony of the patient and said “to live is his, 
and not their, inalienable right.” 

The Bill was defeated by 35 votes to 14. What would happen if it 
was introduced again to-morrow? The probability is that the verdict 
would be the same. The machinery it proposed was too rigid and paid 
insufficient regard to human emotions. While it is reasonable to provide 
the most rigid safeguards to ensure that a dead person cannot be cre- 
mated without due enquiry those safeguards are not readily applicable 
to the living. Under the Cremation Act the independent referee, when 
in deubt, directs his questions to the doctor formerly in charge of the 
patient and can order a post-mortem examination. The machinery 1s 
designed to function with the minimum of delay and distress to the 
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relatives. This procedure cannot readily be introduced into the sick 
room. If the patient must make solemn application in writing, on a pre- 
scribed form in the presence of two witnesses, and his application sup- 
ported by two medical men to be followed by a personal interview with an 
independent referee then a quiet and easy death is a misnomer. It would 
be for the referee to decide how much longer he should be allowed to 
live’ and death would be induced by a doctor licenced for the purpose" 
in the presence of an official witness. On those grounds alone the Bill 
would, I think, fail, but there are now other and more important reasons. 
The essence of the Bill was the relief of intolerable pain in an incurable 
disease and it is on this aspect that I would like next to speak. 

Many of you will have read the recent issue of the British Medical 
Journal on 50 Years of Medicine. In that number’ medical men, physi- 
cians, surgeons and specialists, describe the changes of the past 50 years 
and demonstrate the truly dramatic advances made. My own recollec- 
tions go back only half that time, but when I was first appointed a House 
Surgeon at the Middlesex Hospital in 1927 one of my responsibilities was 
that of Resident Officer to the cancer wards. These wards had been 
founded in 1792 as part of a Charity for cancer patients “until relieved 
by Art or nature.” The outgoing House Surgeon advised that if I re- 
ceived an urgent call to the Cancer Wing saying that a patient had a 
haemorrhage it would be kinder not to hurry. The reason for this advice 
was soon apparent. The patients in that ward included some of the most 
dreadful conditions that a man can see. Rodent ulcers covering most of 
the face and head, and ulcerating and fungating carcinomata of mouth, 
throat and breast. It was a fearful introduction to clinical medicine. I 
learned two lessons. The first was that the patients, however ill they 
were and however much they suffered, never asked for death. They 
were pathetically grateful for relief from pain and for the devoted care 
of the sisters and nurses in those wards. Secondly, I learned that there 
were “good days” and “bad days.” There were even spontaneous cures. 
These were, of course, rare but cases in which the diagnosis had ap- 
parently been established beyond doubt did recover and leave the 
hospital. 

Twelve years ago I re-visited this part of the hospital. The incurable 
wards had been swept away and were replaced by a modern radio- 
therapy department. This active department, with its appointments 
system and atmosphere of busy care for the patient, contrasted remark- 
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ably with the experience of little more than 10 years before when the 
consulting surgeon paid a weekly visit and the Resident a daily visit 
usually only to increase the dose of sedatives or to try a new ane. 

If those patients did not demand to die the question may be asked 
who does? The mentally deranged and the mentally unbalanced may do 
so. In the former group there may be a strong compulsion to suicide, 
and in the latter group an impulse. But often the strongest pressure, par- 
ticularly in an incurable and painful case, comes from the relatives. 
Dr. Leak, in an article on the Care of the Dying™ says “Not infrequently 
it is the patient’s friends or relatives who determine the time of the end. 
Most doctors will have reason to reflect on the sinister truth of the 
saying “Where the carcase is, there will the vultures be gathered to- 
gether,” for when all sort of lost or forgotten relatives begin to assemble 
about the patient's bed, eagerly looking for pickings before life is extinct, 
most patiénts sense that the end is not far off and few are deceived by 
the affection displayed; a feeling of hopelessness or weariness overcomes 
them and they give up the struggle.” The Earl of Crawford in the House 
of Lords debate put this even more forcibly. “I contemplate with pro- 
found distress the unconscious pressure which will be placed upon the 
sick man to persuade him that he is in the way and that he should 
evacuate this life. | contemplate that pressure with a distress that I can 
scarcely express to your Lordships. Finally, | contemplate with disgust 
the intrigue and combinations which will take place to bring pressure to 
bear upon some wretched person to sign this document, to make these 
affidavits and to take care that he does so on the right date.” 

But euthanasia is most commonly advocated by healthy people, 
either on social or humanitarian grounds or for more complex reasons 
into which personal fears enter. 

The issue can be discussed under the four headings of patient, doctor, 
relatives and the State. 

The dying patient rarely demands euthanasia. His urgent needs are 
the relief of pain, good nursing, and friendly care. The means for reliev- 
ing pain are now far greater than they were even 10 years ago. The 
facilities for nursing care likewise are better. The National Health 
Service, whatever its faults may be, has encouraged the grouping of 
hospitals and the setting-up of special centres for thoracic surgery, 
neuro-surgery, plastic surgery and the treatment of cancer. Local Health 
Authorities now provide home nursing and are usually able to provide 
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home help. By these means it should be increasingly possible, within the 
next few years, to ensure that the incurable patient is treated with proper 
care in hospital or ta his own home. If life becomes intolerable for him 
he should be able, in the future as in the past, to rely on the ministrations 
of his family doctor. What is the doctor’s responsibility? Dr. Leak in the 
article already referred to says “The situation demands above all human- 
ity and common sense. Humanity and kindliness, and integrity will often 
be required as seldom in other branches of medicine. The gleam of rec- 
ognition, the look of gratitude and trust of the dying man as he becomes 
aware of the doctor’s presence in the room may have no financial value, 
but it is a most satisfying reward—the culmination often of a long battle 
with death that patient and doctor have fought together with courage 
and determination; the acknowledgment that although the last enemy 
has won the patient has still confidence in his physician and that the 
human spirit can triumph even in the hour of defeat. It is strange how 
often a patient who has been practically unconscious for days will still 
respond in some degree when he hears the doctor’s voice or feels his 
hand upon his pulse. It is pathetic—and exacting—how eagerly dying 
people look forward to the visit of their doctor, even though there is 
nothing the doctor can do to assist them medically.” Dr. Leak then goes 
on with a slight note of bitterness to say “In the new Health Service I 
expect that this side of medical practice will disappear with the older 
generation of practitioners. It will be dismissed as sentimental tosh. Yet 
it is the very essence of general practice.” On this Dr. Leak is possibly 
taking an unduly pessimistic view. There is no reason why future gen- 
eral practitioners should not take as humane a view as their predecessors. 
The circumstances will probably be very different, preventive, curative 
and palliative measures are improving year by year, but in the last resort 
the doctor’s responsibility is that laid down so clearly by Lord Horder. 
It is of the essence of medical practice in this country that nothing must 
disturb the doctor-patient relationship or interfere with the clinical 
judgment of the doctor. Clinical freedom carries its own responsibilities. 
The penalties for negligence and malpractice are heavy. Equally, if he 
is foolish enough to proclaim from the house-tops that he deliberately 
practises euthanasia, the doctor risks conflict with the law. The Courts 
do their best to protect the doctor in his professional relationship with his 
patient but it is an ancient legal maxim that every man intends the 
natural and probable consequences of his act. The doctor's position 
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therefore is not an easy one, but provided that he follows the dictates 
of his conscience and studies the best interests of his patient he cannot 
come to harm. Lord Horder summarized this when he said “We know 
that it is well within the ambit of the doctor’s conscience to see that the 
fight is not too hard to be borne.” 

It has already been pointed out that it is the patient’s right to live 
and not for the relatives to decide when that life shall be terminated. 
This relationship cannot be discussed in its purely medical context. IIll- 
ness within a family reacts on every member of that family. If the sick 
person is the breadwinner or the mother of the family the reaction is the 
more serious. There is some danger that the provision of welfare services 
of all kinds may tend to weaken the one link binding the family to- 
gether, i.e., the affection and interdependence of each member on the 
other. However distressing incurable illness and death may be, it is 
unquestionably a factor in moulding the character of other members 
of the family. If in this new world sick people are whisked away we 
must face the fact that we may breed a generation of people to whom 
self-sacrifice is unknown. Domestic stresses can reveal and develop unex- 
pected traits of devotion which are not lightly to be discouraged if the 
family is to continue as the basic unit of our national life. 

Finally, there is the interest of the State. The intense strifes of the 
past 50 years with three wars and ever fiercer international competition 
have forced the State to abandon the Victorian principle of Jaissez- 
faire in favour of more and more interest in the health and welfare af 
the individual. It is now an undisputed fact that the State has an invest- 
ment in the life of every member of the community. That investment 
may represent considerable financial expenditure from birth onwards. 
Does this interest entitle the State to say that when a man is no longer 
useful his life should be terminated? It is accepted that among the re- 
maining rights of the individual is freedom ta live his allotted span. 
The State, except in major crises, such as a world war usually lags be- 
hind public opinion. So long, therefore, as the bulk of the people remain 
convinced that a man’s life is his own the State will not intervene. 

All discussions on euthanasia have, in this country, been concerned 
with its legalization as a voluntary act. This implies the consent and 
co-operation of the patient and no one has yet considered its extension 
to those patients who have no will of their own. Is there a case for 
euthanasia in, for example, the insane, the mentally defective, the rare 
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and terrible progressive degenerations of the nervous system and the 
senile? 

That is a question affecting all aspects of our corporate life and 
it would be well to comment first on the medical aspects. The outlook 
for the mental patient has undergone profound changes in recent years. 
Shock therapy, surgical interference with nerve tracts and the detailed 
research now proceeding on the cortical pattern and structure give much 
hope for the future. Apart from this there is a change in the approach 
of clinicians with increasing experience. There is, for example, the rec- 
ognition that a disease like schizophrenia may run a prolonged course 
and then burn itself out leaving the patient scarred and exhausted but 
still capable of rehabilitation, possibly at a lower level. 

The low-grade mental defective and the progressive familial degen- 
erations are in a different category. Nothing can be done for them and 
they will never make useful citizens. Should they therefore be destroyed? 
Public opinion will almost certainly answer no. The pressing need, from 
the medical aspect, is the provision of adequate accommodation for these 
cases so that they can be segregated and the strain on their families re- 
moved. A decision concerning the senile may have to be taken within 
the next twenty years. The numbers of old people are increasing by leaps 
and bounds. Pneumonia, “the old man’s friend” is now checked by anti- 
biotics. The effects of hardship, exposure, starvation and accident are 
now minimized. Where is this leading us? The veteran statesman, author 
and judge are needed. So are the healthy active working men and wo- 
men. But what of the drooling, helpless, disorientated old man, or the 
doubly incontinent old woman lying log-like in bed? Is it here that the 
real need for euthanasia exists? A great lawyer supplied one answer 
“Mankind will not be reasoned out of the feelings of humanity.””° 
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CLASSIFICATION AND TREATMENT OF 
THE VARICOSE, POST-THROMBOTIC, 
AND ARTERIAL VENOUS PROBLEMS * 


Geravcp H, Pratr 


Associate Attending Surgeon St. Vincent's Hospital 


seseseseseseS is with some temerity that I approach this subject for 
4] to the profession the problem of enlarged veins is gen- 

: I i erally considered a simple one, both in diagnosis and 


therapy. Perhaps to a specialized group such as this, 
G 2] however, one may speak about such a primary condition 
as enlarged veins in the lower extremity with the knowledge that many 
share with me the opinion that our results, while in the main favorable, 
are not satisfactory in the percentage of instances which we expect. 
Maybe, we have been too busy resecting longer and larger pieces of 
bowel, removing more complete specimens of lung, coagulating nearly 
all the cerebral contents and in by-passing most parts of the circula- 
tion, to spend the needed time on such a relatively “simple” problem. 

How simple is this problem? Ten per cent of the admissions to any 
large general hospital in this city are due to enlarged veins or their 
complications.':* Sixty per cent of patients of the age of forty and 


above who are active on their feet will have veins which can be con- 
sidered pathological. Eighty per cent of women after their third preg- 
nancy have pathological varices. One out of every six prolonged 
compensation cases is on the docket for some complication of a 
venous nature. Every day patients are retiring under compensation or 
insurance rights because we have not brought about the improvement 
needed to rehabilitate them to a gainful life. The problem, therefore, 
is a real and serious one which forces its burden on us whether we 
are interested or not. 

Frequently miracle drugs and panacea operations have been pre- 
sented. Later shortcomings and failures are not always reported. This 
is a disservice. | do not have any easy or sure-cure to offer. My 


* Read at the Section on Surgery of The New York Academy of Medicine, November 4, 1949. 
From the Vascular Clinic of St. Vincent’s Hospital and New York University College of Medicine. 
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thoughts on this subject today are entirely different from what they 
were five years ago and probably greatly unlike what they will be 
five years hence. | wish to give my present concept of these lesions. 
This report is based upon my own experience in this field in the last 
fourteen years, my previous reports in the literature and a careful re- 
view of 268 patients from the files of my private practice. Such an 
exposition as this may add to the pool of knowledge and experience 
from which eventually the correct therapeutic course will be charted. 
There is great disagreement among those interested in this subject not 
only as to therapy but as to classification of these venous lesions. In 
the last one and one-half years, according to the Cumulative Index, 
there were 864 articles published on this problem.* Where that much 
must be written, certainly, the problem is far from settled. 

Much of our trouble today with successful treatment of these 
patients is due to the fact that in many clinics all the patients with 
dilated veins are classified as varicose veins and treated as such. This 
is erroneous and such a course will not help the individual patient but 
will compound his pathological problem. There are multiple classes 
of patients with large varicosities. I shall discuss three of these classes 
and show that not only in their pathogenesis but in their therapy they 
are as unlike as they can be, considering that they arise from the same 
venous system. In the simple varicose vein group, I shall mention the 
more usual technical errors which probably always will be with us, 
and to which each of us is subject at one time or another. I shall try 
to illustrate these technical points in the hope of reducing these errors 
to a minimum. 

Nine years ago the American Heart Association appointed a Com- 
mittee on Nomenclature from the section for the study of peripheral 
circulation. | served on that Committee under the chairmanship of 
Dr. Irving Wright. The complexity of the problem of classification 
of the venous system was apparent at once and the outline of the 
venous system, as we finally submitted it, was completed after many 
hours of discussion. While complete from the textbook standpoint, 
it is unwieldy surgically. It is being redrawn at this time. A more 
simplified and combined classification, eliminating some of the types, 
includes most of the patients who come to a surgeon’s office because 
they have something wrong with the veins of their extremities. 

I propose, in this discussion, to deal with the large veins of the 


‘ 
| 
ye 
if 
j 
PY] 
= 
é 
acs 
4 


308 THE BULLETIN 


lower extremities under three major classifications: the simple varicose 
veins, the dilated veins due to pathological venous clotting and the 
veins which develop due to arterial connections, the arterial varices. 


This latter group is a definite pathological entity, which has been 
often missed in the past and, except in a few clinics, little attention 
has been directed to it. In this grouping, therefore, I will not discuss 
such enlarged varicosities as those following mechanical obstructions 
due to malignancy or trauma, the enlarged varicosities accompanying 
cardiac lesions such as tricuspid insufficiency, after portal and splenic 
cirrhosis or the congenital anomalies, with the exception of the group 
of arteriovenous connections. 


I. Varicose VEINS 


While our concepts of the origin of simple varicose veins are some- 
what different today, the essential fact remains that the pathology is 
due to dilated vein walls with or without incompetent valves. A few 
of the etiological factors need emphasis. 


I. FUNDAMENTAL FACTORS: 


A. Congenital Weakness: The congenital tendency is well estab- 
lished and in my experience 70 per cent of the patients who have 
simple enlarged veins have a father or mother or both who have had 
similar lesions. This inherited direction must be credited with playing 
a large part in the development of these varicosities for if this funda- 


mental vessel and valve structure is present, the stress of life will 


probably bring out this inherited weakness. 

B. Upright Position: Our assumption of the upright position has 
been blamed for many of the ills to which the species is subject. With- 
out question, this has been a catch-all to cover our lack of understand- 


ing of certain pathological changes. The upright position, however, 


in its relation to the venous system is probably a factor in causing 


pathological changes in the venous system to which one in ten, at the 


age of forty, is subject. With an incidence of only 10 per cent, how- 


ever, other factors than posture must play a part. 


C. Age: With increasing years the vein walls and their valves lose 


tone and begin to fail. A review we conducted in 1942 demonstrated 


that in 400 patients forty years of age or over 42 per cent of the males 


had pathological veins while 72 per cent of the females were similarly 
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affected. In a ten-year study in our clinic the findings show that 85 
to go per cent of patients over forty who had pathologic enlarged veins 
had incompetent valves and needed surgical attention. 

D. Sex: The sex difference has been discussed pro and con for 
years. The broader pelvis in the female with more angulation of the 
vascular structures and the pelvic congestion of menstruation may 
all play a part as also may such female counterparts as high heels and 
poor carriage. At any rate women predominate in the ratio of two 
to one. 


2. PRECIPITATING FACTORS: 


A. Pregnancy has been considered a fundamental cause for varicose 
veins by many but the number of women who have children without 
any change in their venous structure proves that pregnancy alone is 
not a cause. Pregnancy may precipitate the lesion if the underlying 
tendency is present. 

B. Constrictions: Elastic supports, girdles, garters, casts, constrict- 
ing bandages, braces and tourniquets are all physical aggravating 
factors. Vasoconstrictions due to adrenaline, ergot and particularly 
smoking (nicotine) are a direct factor. 

C. Occupation: Like pregnancy, the occupation of standing may 
inaugurate the symptoms of varicose veins but again only if the under- 
lying weakness is present. Thus, the dentists, elevator operators, the 
policemen on the corners and the clerks behind the counter more 
often present symptoms than the letter carriers, soldiers, or delivery 
men who walk instead of stand. 

D. Posture: Poor posture whether developmental or acquired must 
be credited as an added cause. The deformity in the legs particularly 
in the adductor muscles from metatarsal and longitudinal arch defects 
causes torsion and back pressure on the venous structures which course 
through them. This interrelationship between poor arches and venous 
pathology should be further studied as to its pathogenesis. A condition 
similar to scalenus anticus pressure may be encountered in the adductor 
muscle areas. Developmental or bone defects due to trauma may cause 
an overburdening of a poorly supported venous system. 

E.. Obesity: Obesity adds to this problem. 

An increase in the intravenous pressure due to external pressure or 
strain is a factor. Standing and walking have an effect on venous 


ro 
: 
j 
\ ‘ 

4 

. 


THE BULLETIN 


3 


pressure. The pressure in the superficial veins of the legs is about equal 
to that of a column of blood of equal height—approximately 100 mm. 
of mercury, normally. With the exercise of walking this first increases 
and then drops to 70 mm. After exercise it is reduced to 50 mm. of 


mercury and then gradually rises to the normal pressure level. In 
varicose veins this intravenous pressure is higher and also may not 
drop with walking. Standing and walking, thus, may play a part. 


‘TREATMENT OF SIMPLE VARICOSE VEINS 


1. Local Injection: Local injections have been used since the inven- 
tion of the syringe by Pravoz in 1851.° 

In our large vascular clinic. only to to 15 per cent can be treated 
with local sclerosis alone. The rest have incompetent valves and local 
injections not only are ineffective but actually increase pathology. 
In the group which can be injected one of the three types of solutions 
available for sclerosing may be selected. The solution when correctly 
chosen and administered will cause sclerosis, a local thrombosis and 
in some this is replaced by an adequate fibrosis. 


Types or SOLUTION Usep FoR SCLEROSING: 


Group 1: Hypertonic solutions causing dehydration by osmosis and 
producing irritation of intima of veins—sugars and salts, such as glucose 
so per cent and 30 per cent, sodium chloride 20 per cent and 30 per 
cent, sodium salicylate 20 per cent, Levodex, Varisol, 1, 3 and 5 per 
cent. 
Group Il: Soaps, such as sodium morrhuate 5 per cent, sodium ricino- 
leate 5 per cent, sodium licinoleate 5 per cent, Monolate 5 per cent 
and Sylnasol, or soapless soaps, as Sotradecol. 
Group I1l: Tissue cell cytoplasm poisons, such as quinine hydrochlo- 
ride 5 per cent, bichloride of mercury 1:2000, quinine hydrochloride 
and urethane, quinine urea hydrochloride. 
Group IV: Various combinations. 

>. Surgical Treatments: Sclerosing therapy was developed when 
simple surgical excision failed and in the 1920's and 1930's had a tho- 
rough test. Recurrence rates of 7o to go per cent made it apparent 
that such treatment alone would fail. A combination of the surgical 
and sclerosing techniques, the so-called ligation and retrograde sclero- 
sis was an improved procedure and in a six-year follow-up which I 
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Fie. 1--RECURRENCE OF VARICOSE VEINS AFTER OPERATION 


One of the main causes is failure to widely resect the branches in the groin, Notice 
the dilatation of a collateral of the medial femoral cutaneous branch not resected 
sufiiciently wide. 


reported in 1943 there were approximately 70 to 80 per cent satis- 
factory results.’ Extending this follow-up decreased the satisfactory 
results to approximately 60 per cent. Technical difficulties and the 


general reactions to the sclerosing solutions made us, along with most 
others, abandon the sclerosing part of the operation in 1945. The 
therapy today is becoming well standardized and is a much more 


extensive surgical procedure than before. The necessary six years have 
not passed for complete evaluation of this method but the number of 
recurrences so far observed are minimal. In my study only 5 of 268 
were found. The present surgical procedure consists of an incision 
at the saphenous femoral junction with the following stipulation: 

1. At least a one-inch resection of each branch of the great saphen- 
ous vein in the groin with resection of at least a 3-inch segment of the 
saphenous vein and its proximal ligation flush with the femoral vein. 
In performing the operative procedure in the groin it is not sufficient 
merely to ligate the branches as often a by-branching permits reéstab- 
lishment of the saphenous system and its connection again with the 
femoral system. At least one inch of each branch should be removed. 
The 3-inch resected segment of the saphenous vein allows one to 
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ligate the lateral and medial femoral cutaneous branches which may 
enter the saphenous further down than usual. 

2. A wide resection of each incompetent point with ligation of 
each and every perforating vein coming through the fascia to the 
saphenous vein from the femoral vein. The importance of resecting 
each of the incompetent points is now well understood at most clinics 
although in the last few weeks I saw a paper published in a national 
journal stating that this secondary resection was not necessary. The 
method of determining these incompetent points has been the sub- 
ject of study and several tests have been presented for their location. 
The rather simple one which we described and began using in 1940 
has replaced all others in the last 3000 patients and, at least in 
our hands, is proving perfectly satisfactory. With experience one 
can perform part of the test manually, a tourniquet above the groin 
acting the same as the saphenous-femoral ligation. 

The incompetent perforating branches can be felt, replaced like 
a hernia, and in most instances a hole in the fascia through which 
it perforates is palpable. This is marked and resection of this perforator 
is of prime importance. Suturing of the distal end below the blow out 
to the fascia suspends and drains the water logged distal tissue or the 
: same principle as in varicocele. 

3. A resection of the lesser saphenous vein at the popliteal inser- 
tion in each case. A study in 1946 of the patients I had operated upon 
showed that in 20 per cent the lesser saphenous system had dilated 
and become incompetent. While this system was not dilated at the 
original operation time, it failed with the increased load after the great 
saphenous vein was resected. This lesser saphenous vein drains the 
lateral aspect of the foot and back of the leg and its valve failure is 
the cause for many of the ulcers over the external malleolus. We 
believe it should be resected routinely. 

4. Stripping, by means of a Babcock type” intraluminal stripper, 
of the veins between the groin and each incompetent point. The lesser 
saphenous vein is also stripped distally from the popliteal area. 

The use of the stripper is not a return to the stripping days of 
the early part of the century when the Mayo and Babcock strippers 
were in vogue. This older procedure did not include a thorough groin 
dissection, nor were the important incompetent points resected. The 
use of the stripper removes the vein between these points simply 
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and without the reaction caused by sclerosis. The stripper, however, 
has a more important function. Many times when the incompetent 
points had been dissected out below the knee, it was found the stripper 
introduced from the groin passed by these dissection points. In other 
words, at the secondary incisions the branches but not the saphenous 
vein itself were being dissected. The stripper thus finds the main veins 
and avoids technical errors which have been made in the past. In 
addition, the presence of an accessory saphenous vein or a large lateral 
or medial cutaneous vein which might take over the functions of the 
saphenous vein can be determined and removed by the stripper. Its 
use has saved us many technical errors which would have been made 
in the past. Surgically, therefore, in the treatment of simple varicose 
veins we have advanced from the days of Trendelenberg by: 

1. a correctly placed ligation point at the femoral junction 

2. a wider resection of all the groin branches 

3. a resection of each incompetent point 

4. the ligation of the lesser saphenous vein 

5. stripping of the veins between the incompetent points. 
This is extensive surgery and requires additional assistance in order 
for both the upper and lower parts to be done at the same time to 
keep the operating time within reason. Spinal anesthesia is a safe and 
adequate agent and while the patient cannot walk for from four to 
six hours thereafter, dangers of clotting can be minimized by passive 
leg movements every half hour during this period. Post-operatively, 
pressure is applied to the leg and Ace bandages must be maintained 
from the toes to the groin to prevent hematomas from the stripping. 
In this respect it is wise to close the opening in the groin wound from 
which the saphenous vein has been stripped so that blood does not 
collect in the groin incision due to the bandage pressure. Adequate 
bandage support is required for from four to eight weeks to prevent 
edema. 

Causes of failure in simple varicose vein therapy: In approximately 
75 to 85 per cent the results with such a procedure as outlined should 
be satisfactory. Of the failures in our experience, 25 per cent will be 
due to some technical error in the groin procedure. Twenty per cent 
will follow failure to resect the lesser saphenous vein. Of the remaining 
55 per cent of the failures, 25 per cent are due to inadequate resection 
of the incompetent points. The other 30 per cent follow the opening 
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of a new incompetent point. This latter group of recurrences we are 
unable to prevent but between 50 and 75 per cent of the failures can 
be corrected by better technique. In all of the recurrent varicose veins 
I have operated in the last year, a re-exploration of the groin showed 
an inadequate or incomplete resection of the branches. In several in- 
stances the saphenous vein had been tied and divided only. In three in- 
stances the vein had been tied in continuity. In two other instances the 
vein had not been found and the patient had been told that there was a 
congenital absence of the saphenous vein although at reoperation the 
usual vein and its branches were in their usual place. In respect to 
this work it is important not to use or think in terms of “cure.” The 
patient with the incompetent valve tendency still has it after the 
surgical procedure. The venous circulation is improved but not made 
perfect. These patients may be likened better to the patient with 
defective teeth in whom competent dentistry extracts some, fills others, 
and cleans up infections and provides for the hygiene of the mouth. 
The teeth then are improved but the dentist must be seen once or 
twice a year to keep the trouble under control. Like the peptic ulcer 
patient, the varicose vein sufferer will be with you or some other 
surgeon all his life. The surgeon who operates first has a responsibility 
which must be emphasized. Initial inadequate surgery increases the 
pathology and the difficulty of a later operation and at times, a second- 
ary complete procedure is impossible following a poor first operation.’ 


Il. VeNous CLorrinG 


In a second and important group of venous problems are the 
patients, usually with previously normal veins, who develop patho- 
logical venous clotting. This problem is so complicated and extensive 
and there are so many divergent and conflicting views as to classifi- 
cation and management that it is a fit subject alone for an entire 
evening. No attempt will be made to cover completely the subject 
but only the part that it plays in complicating our handling of vein 
problems will be discussed. To this I will add the routine procedure 
we are using in the handling of these patients. It is my belief that 
failure to separate these patients from the simple varicose vein problem 
is one cause for many of the so-called “surgical failures.” These 
patients usually are not born with potentially defective valves or vein 
walls but develop pathological varices after abnormal clotting. Thus, 
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in their pathogenesis, their clinical course and certainly in their treat- 
ment they are a separate entity. Many times surgeons have paid little 
attention to a pathological clotting history and noting the enlarged 
varices or ulcers have proceded with the treatment as in simple vari- 
cose veins. The complications thereafter, in many instances, have 
been greater than the original trouble and in some later correction has 
been impossible."° 

The reasons for this pathological clotting have been studied and 
compiled for years and when read vary so greatly that it is apparent 
that we do not know the actual cause. An increase in the platelets, a 
greater agglutinability of the thrombocytes, a lowering in the blood 
protein level, a reversal or change in the albumin-globulin ratio, poly- 
cythemia, anemia and innumerable other changes are reported. The 
reaction of blood to mild trauma as shown in Knisely’s pictures of 
sludged blood makes one wonder why it doesn’t happen more often. 
The increased stickiness of the platelets, a term first used by Wright, 
may be the answer. We know that clotting occurs more often with 
obesity, and more often in the presence of degenerating diseases. 
Fungus infection raises the incidence and the use of nicotine may be 
a factor. We may summarize all these points by saying that clotting 
occurs when there are three fundamental factors coincidentally pre- 
sent. These are: 

1. Some change in the intravascular clotting factor. I will not try 
to define this change or the cause for it as it may be a combination of 
any or all of the factors just mentioned. 

2. Some degree of trauma. This trauma need not be direct and may 
be merely the rubbing of the endothelial walls of a vein together 
such as occurs when lying in bed. 

3. Stasis. A reduction in the rate of blood flow is necessary for 
both clotting and its propagation.” 

Thus we know little more as to the cause of pathological clotting 
than Aschoff did in 1895, but we do know more as to prophylactic 
and active therapy. 

At least in the early stages there are two types of pathological 
clotting, the clinical and pathological picture varying in the early 
lesions although the end-picture both clinically and_ pathologically 
becomes the same. To avoid confusing terms I will discuss the two 
types as thrombitis in which the primary pathology is inflammation 
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with clotting secondarily entering the picture and thrombosis in which 
the primary pathology is clotting. The thrombitis picture is one of 
inflammation with its symptoms of pain, heat, redness, swelling, fever 
and leukocytosis. Thrombosis has definite symptoms which often are 
missed. The first of these is pain. Pain is a constant symptom, usually lo- 
cated at the side of origin of the clot, and then following the propagation 
course. The swelling which occurs will be minimal as the clot spreads 
along the intima without completely occluding the lumen for a con- 
siderable time. When occlusion occurs, pressure builds up behind the 
clot and it may break loose. If embolism does not occur, then edema 
increases and may be massive. There is a slight but definite cyanosis 
on the affected side, more apparent on dependency. The dilated pre- 
tibial veins which we have called attention to before as “Sentinel 
Veins” * are a consistent sign and may be compared with the normal 
opposite side. We believe these pre-tibial veins dilate because this 
vein drains the popliteal vein which is involved early in the process. 
As the clot grows along the intima it closes this vein’s opening early. 
This sign is helpful in this condition where objective findings are few. 
The regularity with which this group has a sense of impending disaster 
makes this symptom an important one. On one occasion it was a deci- 
sive factor in my performing a femoral vein resection and thrombec- 
tomy, thereby saving that particular patient's life. A small embolus 
occurs in approximately one out of three persons before a major one 
so that one must be consistently watching for the minimal chest signs 
which make an absolute diagnosis. If a patient has one embolus and it 
is untreated there is a 50 per cent chance that another embolus may 
follow and this may be fatal in one out of three. If embolism does 
not occur the thrombosis group later will show signs of inflammation 
similar to those with thrombitis. We have adopted a set routine for 
treatment of these patients which we do not intend to vary unless 
someone can demonstrate that results with another method are better. 

Treatment of the thrombitis group (phlebitis, thrombophlebitis— 
inflammatory clotting syndrome): 

In the patients with thrombitis the early treatment consists of a 
combination of sympathetic nerve blocks and anticoagulant therapy. 
Sympathetic nerve blocks are performed as often as necessary until 
the inflammatory process has subsided and in general average three 
or four per patient. The second, third and fourth lumbar ganglia are 
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injected with 2 per cent novocaine. The exact action of the block is 
hypothetical. Apparently, the inflamed clot initiates afferent stimuli 
to the ganglia with efferent stimuli causing reflex vasospasm in the 
affected and collateral vessels. The block thus breaks this reflex circuit. 
The anticoagulants are started in the form of heparin given by the 
deep subcutaneous route every three hours for the first forty-eight 
hours in sufficient dosages to keep the coagulation time twice normal. 
More recently depo heparin has been replacing sodium heparin. Dicu- 
merol is started at the same time and in forty-eight hours when the 
prothrombin time is increased the heparin is discontinued. | am aware 
that at the A.M.A. meeting in Atlantic City in June, 1949 several 
serious hemorrhage accidents were reported as occurring when sym- 
pathetic nerve blocks and anticoagulants were used concomitantly. 
I can report that in over 500 sympathetic nerve blocks which my 
associates and I have done on patients under anticoagulant therapy 
there has been not a single untoward incident. At this time I wish to 
correct an erroneous impression which has risen in the minds of many 
surgeons regarding the safety of using anticoagulants. This has been 
engendered by reports from clinics in which, I am certain, that the 
correct controls of the anticoagulant regime were not maintained. 
Surgeons who speak of the danger of their patients bleeding to death 
under anticoagulant therapy have not been schooled sufficiently in 
the fundamental principles of the control of these drugs and may well 
take lessons again from our medical confreres. Anticoagulant drugs, 
just like digitalis and the antibiotics, need a thorough understanding of 
their action and potential dangers. A good laboratory also is necessary. 
With care, however, the drugs are one of the great additions of our 
times.'* This block and anticoagulant therapy is combined with chemo- 
therapy given somewhat empirically, warm packs, adequate support 
when the patient is on foot and continued motion. There have been 
no deaths in the group and we have had no embolisms diagnosed either 
clinically or by x-ray. Adequate elevation and support thereafter needs 
emphasis. This requires support in the form of Ace bandages to the 
knees when the patient is on his feet. Elevation includes a ten-inch 
elevation of the foot of the bed at night, elevation when the patient 
sits down and elevation each time the patient’s legs swell while walking. 
Raising the legs above the heart level for thirty minutes will drain them 
and then the support may be reapplied. Each time swelling occurs 
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the process must be repeated. At no time may edema be permitted to 
reaccumulate. 

We do not treat the patients with inflamed clotting by early 
operation and would not do so unless there was marked progression of 
the process or embolism. I am aware that some clinics report excellent 
results following ligation of acutely inflamed veins but | have seen 
two fatalities thereafter and innumerable other complications such as 
massive elema, infected and broken-down wounds and_ non-fatal 


emboli. It is my feeling that in this inflamed group there will be, at 


least microscopically, inflammation at the site of the ligation and that 
one adds trauma and stasis to this inflammation by operation. Further- 
more, due to clotting above the tie an embolism is more likely to occur. 
Later, after all inflammation has subsided these veins will need resection. 
In this group the inflammation causes the clot to become adherent. If 
embolism occurs it is usually small. Should embolism continue, how- 
ever, ligation would be done. This delayed operation has been effec- 
tive and safe. 

2. Thromrbosis: lf these patients with thrombosis are seen early and 
we believe from clinical evidence that the clot is in the small veins 
of the calf, anticoagulant therapy alone will be the treatment of choice. 
With experience, the site of the clot can be determined. In this 
instance we feel the treatment should be directed toward halting 
clot propagation. If the clot is in small vessels such therapy is safe. If 
these patients are seen later, at a time when we believe that the clot 
is in the femoral vein or higher, we advocate ligating the vein. In this 
instance, while we believe that anticoagulation therapy could stop 
propagation, we also know that a clot is present of sufficient size pro- 
bably to cause death if it moves. A mechanical barrier to such a move 
with thrombectomy, if necessary, seems logical. The anticoagulants 
merely stop propagation of the clot and do not melt away the clot 
already present. The site of such ligation in our hands is the common 
femoral vein inasmuch as we believe many of the serious and fatal 
emboli develop in the calf and propagate in veins which empty into 
the femoral profunda. In a few instances clots large enough to close 
the pulmonary artery have propagated from the saphenous system. 
If one chooses to do a mechanical block it is best to do a complete one. 
Complications after such a procedure have not been serious. If the 
clotting is bilateral or above the common site and a thrombectomy 
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fails, a vena cava ligation will be indicated and at times life-saving. 
The indications for such a procedure are few, but definite, and in such 
instances a ligation may be made in continuity, unless a clot is in the 
vena cava. To either of these operative procedures is added anticoagu- 
lant therapy, chemotherapy, warm packs, motion and adequate sup- 
port. We make some absolute indications for vein resections. ‘These 
are (1) a proven embolus, (2) a diagnosed clot in the femoral vein, 
(3) some contraindication to anticoagulant therapy such as a duodenal 
ulcer or pulmonary tuberculosis and (4) failure of anticoagulant ther- 
apy to control the situation for we have seen this failure occur even 
under excellent guidance. The history of previous or family embolisms 
may be a sufficient indication at times. The patient's fear of an embo- 
lism also may indicate the procedure and from my experience I can 
advise all to pay careful attention to a patient who states “I’m afraid 
I'm going to die,” because often he is right. My results in this group 
of 78 common femoral and vena cava ligations shows one death. In 
this instance the patient had had three massive embolisms and would 
have been refused the late and somewhat heroic surgery had he not 
been of a medical family. He died a few hours after the operation. 
I do not believe the operation affected his course in any way. In only 
6 per cent has the operative procedure been done on the opposite side. 
With better and earlier diagnosis, prophylactic vein ligations have 
been discontinued to a large extent. 

Late Therapy of both Thrombitis and Thrombosis: Vhe late clinical 
and pathological picture of the two types of clotting are similar. There 
are four states to which they proceed: 


1. ResoLUTION 

In approximately 10 to 20 per cent of the patients the condition 
resolves spontaneously. This percentage can be increased with good 
management which includes anticoagulant therapy and elevation of 
the part and good support for a long period of time, perhaps a year. 
The mechanical exercise of walking with support improves many 
provided the edema is eliminated. If edema occurs, the part is elevated 
until it subsides and then the bandaging is continued. Keeping the 
edema out of the subcutaneous space is necessary as, if this is not done, 
fibrosis with a permanent subcutaneous space for fluid to accumulate 
in and a permanently enlarged limb with the attendant complications 


results. 


wy 
j 
Us 

Po 

- 

t 
| 


THE BULLETIN 


Addit ional ° 


femoral v. 
Femoral v. 
Femoral protunda v 
Fu. 2 RECURRENCE OF PATHOLOGY AFTER RESECTION OF el 
SUPERFICIAL FEMORAL VEIN ed 


Occasionally, the superficial femoral vein is reduplicated as shown in the above 
picture. In such an instance the same pathology may continue even after division of the 
superticial femoral vein. 


2. ULCERATION 


‘Twenty-five to 35 per cent of these patients develop ulcers. ‘These 
ulcers are due to an incompetent superficial femoral vein plus an 


incompetent saphenous system. In these cases the inflammation in the 
superficial femoral vein has destroyed the usual four valves in this 
vein. When the patient stands there is a reversal of flow in this vein, 
it being a tube-like structure instead of a valved vein. The part drained 
by this vein is thus suffused by the reversed blood flow with the 
edema, pigment deposits, dermatitis and ulceration which occur after 
any reversed venous flow, i.e., in the inadequate saphenous system. 
With this back flow a further strain is placed on the saphenous system 


and it too fails." 

Proof of the failure of valves in this superficial femoral system has 
been shown many times. For example, | have inserted a vein stripper 
in a feeding vein above a phlebitic ulcer and had it pass unobstructed 
by any valve directly into the superficial femoral vein in the groin. 
After the ulcer is surgically clean, therapy requires: Ligation and 
division of the superficial femoral vein provided it is involved and 
there is an adequate profunda. This can be determined readily at 
operation time by temporarily occluding the superficial femoral vein. 
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If there is an inadequate venous return the superficial femoral vein 
will balloon up below the occlusion and it then should not be ligated. 
In the usual case, however, the vein is a small one, partly fibrosed, and 
it does not enlarge. We have performed venous pressures on hundreds 
of these veins without finding them elevated provided there is no 
ballooning with temporary occlusion of this superficial femoral vein. 
Surgical division of the superficial femoral vein permits the blood to 
return by more adequate channels and, as Linton pointed out, many 
ulcers heal promptly thereafter. 

Since the greater and lesser saphenous systems are incompetent 
likewise they need resection at the same time. The ulcerations may 
then heal promptly. 

In others, so much skin may have been lost that grafting is required. 
This should follow and not precede the resection of the causative 
veins. Healing occurs thereafter in the vast majority of patients but 
in a few the ulcers still persist. This persistence may be due to a 
secondary femoral vein which I have found on reoperation several 
times this year. 

In others, the vascularity of the limb after continued venous patho- 
logical ulceration is so poor that sympathectomy is required to main- 
tain healing. It is our practice in these thrombotic ulcerations to proceed 
in the manner outlined, first resecting the causative veins, then grafting 
and if necessary performing a surgical sympathectomy. We stop at 
any stage in this program where healing occurs and is maintained. 


ENLARGED PATHOLOGIC VEINS WITHOUT ULCER 


3. 

When non-inflamed this lesion responds well to the resection 
described under ulceration therapy. The greater and lesser saphenous 
systems are incompetent and require resection and the superficial 
femoral vein should be treated as already mentioned. This group is 
the one in which repeated attacks of inflammatory clotting may occur. 
Again, we do not ligate when there is active inflammation. We treat 
these patients with sympathetic nerve blocks and anticoagulant therapy 
as described in the thrombitis group and delay operation from six to 
nine months. Operation then consists of resecting all the saphenous 
system and ligating the superficial femoral vein. Of sixty-one such 
patients seen this last year 35 or 57 per cent were inflamed and opera- 
tion was delayed. 
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POSTTHROMBOTIC SYNDROME: 


4 

Some of these patients who are poorly managed in their early stages 
and others despite good early management will develop a syndrome 
which is disabling and causes great discomfort.'® This is the post- 


thrombotic syndrome which has the symptoms of pain, swelling, cold- 


ness, heaviness, paresthesia, anesthesia and hyperesthesia. Causalgic-like 
pain follows with the patient unable to place the limb in a comfortable 
position, with tenderness and response to stimulus out of proportion to 


the apparent pathology. Some patients even discontinue walking. There 


are secondary skin changes and there may be ulcerations. In some of 
these patients there are dilated veins. In this group resection of the 
greater and lesser saphenous systems and the involved superficial 


femoral vein will help. In others, especially those with swelling and 
no enlarged veins, despite this treatment the symptoms increase. This 
group is a very sorry lot and when the picture is complicated by an 


insurance or compensation factor some patients retire for life. They 
! are difficult to treat, become introverted and feel no one understands 
: how much they suffer. These symptoms are increased by the many 


times they have been told there is nothing that can be done for them. 
Recognizing the good results in the acute stages of thrombitis that 
; followed sympathetic blocks, many of the subacute and chronic patients 
were treated likewise. Many of these patients were temporarily relieved 
and following this we were besieged by many of them to repeat the 


blocks from time to time. Sympathectomy was then performed on a 


limited number and the result has been gratifying to us and particularly 


to the patient. While many have some persistent edema the subjective 


improvement was striking. All of the patients are pleased with the 


warm, light foot. The causalgic pain and paresthesia disappear and 


all of them report that the leg is light and easy to handle. We have 


performed this procedure in the post-thrombotic group eighty-four 
times. While we have frankly told each patient before operation that 
this was in no way a cure, their satisfaction with the procedure is 


demonstrated by the number of other similar sufferers whom they 


refer. Others have reported failure with sympathectomy in_ these 
patients. We believe such failures are due to poor selection of patients, 
an expectation that this is a curative operation and in some to an 


incomplete sympathectomy. 
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Arterial 
Connections Saphenous v. 


Fic, 3—ARTERIAL VARICES 


A large number of arterial connections between the femoral vein and an accessory 
saphenous and the saphenous vein. 
Nore: This drawing was made in the operating room from one of the author's cases. 


Sympathectomy to be effective must be complete. Mere division of 
the chain is not sufficient. | have found it necessary to divide and 
excise the chain and ganglia and our results correspond to the tho- 
roughness of the removal. The lateral abdominal extraperitoneal ap- 
proach is simple, technically easy and results most often in success 
in our hands. As in advanced arterial occlusive diseases sympathectomy 
cannot change an irreversible process. If the condition is late, fibrosis 
and lymphedema already established and a very serious mental fixation 
present, the patient likely will not be benefited. If, on the other hand, 
prior to such a late stage and especially if blocks temporarily alleviate 
the symptoms, a good result may be expected. It is but one step in the 
therapy and is not sufficient in itself. Support is also necessary. 

The same fundamental requirements obtain in sympathetic sur- 
gery for this group as they do for sympathetic surgery in any other 
condition. The patient must completely and permanently have stopped 
smoking. Conservative measures must have been tried and have failed. 
Sympathetic blocks should have shown some clinical evidence that 
the results would be good. I have been unable to produce similar 
results with any of the general acting sympatholytic or adrenolytic 
drugs, probably because they act on all the ganglia of the body and, 
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to sufficiently block the ganglion to the limb, such large doses would 
be necessary as to cause hypotension and defeat their purpose. I believe 
that sympathectomy can be added to the treatment of selected ones 
of these sad post-thrombotic sufferers who require so much help. From 
this discussion of the venous problems after pathological clotting I 
believe that it is apparent that if this group is erroneously classified 
and is treated like those with simple varicose veins, merely because 
they have enlarged veins, effective results cannot be expected and the 
pathology may be greatly increased. 


Il. Arrertat Varices 


The third and last group which I wish to discuss are those which 
we call arterial varices." ''’ Many years ago Dr. Wright and I talked 
about the failures after certain varicose vein operations. These patients 
usually have developed enlarged veins in rather an acute manner, the 
vein suddenly appearing and rapidly enlarging. The classical vein 
operation was followed by quite prompt recurrence, and I can recall 
pointing out somewhat critically to the resident staff at reoperation 
what I considered technical failures of previous operators. I believe all 
of us with a large experience have been chagrined to see in our patients 
the pathological picture nearly the same at reoperation as the first time. 
During the war years many more of these patients with “acute vari- 
cosities” were seen. Other possible causes for this condition rather 
than the usual valve failures were suspected. It was noted that when 
operating on these patients the blood was bright red. Further observa- 
tion demonstrated that many times the small branches entering the 
vein would pulsate prior to the time they were disturbed surgically. 
Clinically, | proved to myself that these were arteriovenous connections 
long before | could make others see it or could prove it pathologically. 

limbryologically, the arterial and venous systems are connected. 
These connections normally close before birth and the two systems are 
in continuity only in the capillary bed. In some, the closure is an 
insecure one and with increasing stress or strain or raising of the arte- 
rial pressure or at times in developmental changes these thinly con- 
structed barriers are weakened. They may break down and small 
arterial connections be united to the veins. This condition occurs most 
often in the groin, in the popliteal space and on the lateral aspects of 
the legs. The small arteries with their increased arterial pressure quickly 
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“blow up” the veins with the appearance of an acute varicose vein 
lesion. This is not the aneurysmal varix in which a single artery dilates 
a vein because usually in arterial varices these connections are multiple 
and small. The connections open most often in younger individuals 
but they may occur at the time of muscular atrophy or degeneration. 
The condition was noted during the recent war and was mentioned 
by Dr. Irving Wright at that time. In June of 1948 I discussed this 
syndrome in a paper on aneurysms at the meeting of the American 
Heart Association. Since then additional data have accumulated and 
sufficient criteria for diagnosis have been assembled. I wish to mention 
it at this time because | believe the condition is often being treated 
as one of simple varicose veins and I feel it is one of the causes for 
our surgical failures. | believe that if one will remember the syndrome 
and look for it, he will be able to eliminate these patients from the 
simple vein problems and will be able to give the necessary therapy 
and the change in prognosis which is of great importance. 

A case in point is a surgeon in this city who presented extensive 
venous pathology and who requested that I operate on him just before 
I left for overseas. Upon re-opening my office three years later he was 
one of my first patients. He greeted me with the remark that | had 
been too excited about my trip to do his veins adequately and that 
they had promptly recurred. On re-operation the arterial connections 
were so apparent that | was able to demonstrate them even to his 
critical eye by the use of a mirror at the operating table. 

Symptoms: The rapid development of the lesion is a key symptom. 
Often the patient has had some veins visible but the tremendous bulg- 


ing of these is a recent development. The site of these vessels is fre- 
quently on the posterior or lateral aspect of the leg. The area is much 
warmer than usual and this often has brought the condition to the 
patient’s attention. The arterial blood coursing into these veins changes 


the temperature and this is distinctive and can be registered with a 
potentiometer. If one inserts a needle into such a vein, blood will 
enter the syringe chamber pulsating synchronously with cardiac systole. 
This blood will be bright red in color. When one elevates the limb 
these vessels do not completely empty and they fill more rapidly on 
dependency than varicose veins. Usually there is no bruit present. A 
bruit depends upon whirling of blood in a sac or vessel. In this case 
the blood entering from the small artery into the large vein can be 
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taken up by the vein as it enters without causing the whirling and 
thus no thrill or bruit is present. When one operates on these patients 
these small arterial connections can be seen. Frequently operative tra- 
uma may cause some spasm but if the vessel is watched long enough 
the spasm will relax and the vessel can be seen beating. Another symp- 
tom is the frequent history that the patient was operated upon and 
the veins quickly recurred. Oxygen saturation tests will show satura- 


tion nearly compatible with arterial blood and always higher than 
that of other veins in the patient’s body. 

| *athology: The pathological confirmation of the connection at the 
artery and vein is difficult to obtain. Pathologists require certain wall 
criteria for calling a blood vessel an artery or a vein and in these condi- 


tions the vessels are immature and do not have all of these layers of walls. 
The vessel wall is usually thicker than that of a vein but not as thick 
as an artery. This is the reaction to the increased pressure of the 
arterial flow. Grossly the small vessels are somewhat like new growth 
with their immature structures and tear readily. Their ligation at 
times is difficult. 

Diagnosis: This is made on the symptoms and is not difficult if the 
condition is kept in mind. The reappearance of the lesion after opera- 
tion, the rapid development and the other detailed symptoms are suffi- 
cient for making the diagnosis. At the operation time the small pulsating 
artery entering the vein wall, the brightness of the blood, the increased 
vascularity and extent of the pathology would make one suspect the 


condition. 

Incidence: The actual incidence of this lesion is unknown. My own 
experience in its incidence is not usual as many of my patients present 
advanced venous pathology, often have been operated on before and 
therefore are in that group in which the lesion is most often seen. 


In my first report there were 235 patients with advanced venous 
pathology of whom 38 or 16 per cent had this type of lesion. Of 
the group (58) who had been operated before and then had rapid 
recurrences of the veins, 38 had these connections. When one takes all 
pathological vein cases the incidence is lower. Of the last 268 patients 
seen for venous trouble there were 16 of these patients and the overall 


incidence may be approximately 4 or 5 per cent of those with venous 


lesions. 
Treatment: Treatment for this condition, as for all arteriovenous 
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connections of a congenital nature, is far from satisfactory. The lesions 
tend to spread and to recur and too much cannot be promised the 
patient. We have treated these lesions as follows: 

1. A wide incision in the groin is made with resection of all arterial 
and venous branches entering the saphenous system. The saphenous 
vein is resected at the femoral junction and transfixed. 

2. Each incompetent point down the leg is resected widely as in 
simple varicose veins. All possible connections are divided. 

3. The lesser saphenous vein is divided and resected. 

4. All collections of blood vessels on the lateral or posterior surfaces 
of the legs are widely resected with ligation of any arterial connection. 

5. The saphenous veins are stripped between the points with pres- 
sure to control bleeding following the stripping. This bleeding may 
be excessive and is best controlled with a pressure bandage. Sterile 
bandages should be available on the operating table. Before this was 
recognized, several patients bled excessively on the table and required 
transfusions. A firm bandage after the stripping is the best way of 
handling this problem as direct ligation is difficult and may result in 
further blood loss. 

6. Later secondary ligations and resections may be required. In 
minor collections of vessels, sclerosing agents may be employed for 
their elimination. 

Prognosis: This must be guarded and the lesion and its possible 
reappearance explained to the patient and his family. In many cases 
the lesion appears like a growth. While it does not metastasize to other 
areas as a rule, it may locally spread, invade other tissues, and grow like 
a cancer despite all efforts to get ahead of it. It may even be the cause 
of death by its local extensiveness. In general, however, a wide and 
complete surgical excision will be an effective therapeutic measure. 


SUMMARY 


In this discussion I have tried to evaluate the venous problem as 
it confronts us all. | think our greatest problem exists in the three 
groups we have discussed. In some types off surgery, i.e., cancer, there 
is little more we can do therapeutically and improvement depends 
upon earlier diagnosis. In this type of surgery we can improve our 
methods by better technical equipment and, more important, by better 
selection of patients for the already available proper surgical procedure. 
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I do not believe that the treatments as I have presented them tonight 


will prove to be the best attainable but in my experience these meas- 
ure: are working better than others did and are giving us the least 
recurrence at the present time. In our clinic we feel we are “patient 
minded” and in this respect use only measures which we have found 
effective, discarding these for others, whether of our own or other 
origin, only when the newer way has proved superior. We never 
delay acceptance of a method because the therapy advocated contra- 
verts our premise of thought. I am pleased that this subject has been 
brought up tonight and hope that it will stimulate some further 


the vughts. 
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The Coxsackie Viruses* 


GitBbert 


It has now been repeatedly contirmed that 
some patients having the combination of 
symptoms we associate with poliomyelitis, 
harbor in their feces viruses that are patho- 
genic for suckling mice..-4 In a number of 
patients the appearance of neutralizing anti- 
bodies and the disappearance of fecal virus 
have been shown to coincide with recov- 
that these 


viruses do not occur in healthy individuals.2 


ery.1.2) There is some evidence 


Laboratory infections have been described 


and similar viruses have been tentatively 
associated with illnesses other than polio- 
myelitis.2 The viruses are presumably widely 
Presented before the Section on Microbiology of 
The New York Academy of Medicine, New York, 
New York, December 21, 1949. (From the Divi 


sion of Laboratories and Research, New York 
State Department of Health, Albany 


disseminated and appear to be rather com- 
mon I have 


set myself the tasks of defining and classify- 


incitants of infection of man. 
ing these agents as completely as present 
knowledge permits and then of describing 
the 


found them, 


circumstances under which we have 

Twenty-eight strains isolated in our la- 
boratories have been studied experimentally 
to some degree; all have been compared his- 
tologically and a number serologically. Some- 
thing is known of their physical properties. 

The characteristics originally noted, the 
susceptibility of suckling mice and the mus- 
cle lesions, are common to all of our strains. 
Unweaned mice are still required for their 
isolation and propagation and, while it has 
been possible to produce focal lesions in the 
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muscles of mice weighing as much as 10 to 
12 grams, we have failed to propagate the 
virus in series in such animals or te adapt 
it to older mice by passage 
through suckling and weaned mice.5 

that the resistance of 


alternate 


It is noteworthy 
mature mice is not due to the peripheral 
barriers that interfere with certain other 
virus infections,® for older mice are equally 
resistant to intracerebral inoculation. In- 
deed in testing for the presence of virus we 
routinely inoculate one group of mice in- 
tracerebrally and another intraperitoneally. 
\t times the peripheral route is more ef- 
fective than the central one. 

Immature mice are known to offer some- 
what similar practical advantages in the 
study of yellow fever? and St. Louis en- 
cephalitiss but have been little used in the 
isolation of viruses. We foretell, 
therefore, whether others will be found to 
share this property of the Coxsackie viruses 
or how conclusive a test of their identity 


cannot 


the age factor may be. 

We knew from the first that the muscle 
lesions are not specific for we had long 
seen them in MM virus infection in ham- 
sters and Doctor Pappenheimer showed me 
such lesions in mice inoculated with ‘Theil- 
er’s virus, Similar lesions occur in the mus- 
cles in experimental scurvy and in’ vitamin 
FE. deficiency. Nevertheless, the morbid an- 
atomy of Coxsackie virus infection is very 
helpful not only in identification but alse in 
classification. It readily permits us to sep- 
arate our strains into two groups that we 
refer to as A and B. A includes 20 of our 


strains and B, 8 The distinction may be 
helpful in reconciling divergent observations. 
the 


dent in the infected animals. Group-A mice 


Differences between groups are evi- 
become weak and then helplessly paralyzed. 


Iheir extremities are leaden or immobile 


and death soon fallows. ‘Those that do sur- 
vive for a few days have whitish streaks in 
their muscles that may be easily seen once 
the animal is skinned. The Group-B mice 
on the other hand may be either spastic and 
tremulous or paralyzed. They usuallly sur- 
vive longer and, when they are dissected, 
their brains are found to be softened and 
their fat pads conspicuously pale. 


Histologic examination of Group-A mice 


shows only a generalized destruction of 
striated muscles. These are uniformly in- 
volved. The Group-B mice have similar 
lesions but they are focal and less exten- 
In addition, Group-B mice have a 
severe encephalopathy. This involves the 
cerebral hemispheres and cvnsists first of 


sive. 


patchy dissolution of the neurones, followed 
by softening of the matrix, and ending in 
cystic degeneration. Smaller lesions occur 
along the neuraxis but usually end in the 
upper levels of the spinal cord. We have 
never found destruction of the anterior 
horns of the spinal cord and only infre- 
quently have the olfactory lobes been in- 
volved although these are very prominent 
in the mouse. 

In addition, a unique lesion may some- 
times be found in the fat pads. The pad 
between the scapulae is a common site, Mi- 
croscopic examination shows that this pro- 
cess begins on the periphery of the lobules 
and is necrotizing in nature. The lesion is 
not so punctate as pancreatic fat necrosis 
nor are the changes in the fat as complete. 
These lesions quickly recognized in 
preparations stained by Giemsa’s method. 

There are other differences. Group A in- 
cludes a number of serologically distinct 


are 


types while our preliminary tests suggest 
that the related. 
Group-A strains are as a rule easily iso- 


Group-B strains are 
lated and established in mice. The adapta- 
tion of Group-B strains is sometimes pre- 
carious and several have behaved erratically. 

These are the salient features of the ex- 
perimental disease in our experience, Be- 
fore describing the viruses, it may be well 
to comment on the pathogenesis of the 
muscle lesion. We have from the first in- 
terpreted it as a form of degeneration re- 
sembling Zenker’s degeneration rather than 
a kind of myositis. In paralyzed mice one 
finds hyalin fragments of the muscle fibers 
surrounded by a heavy cellular infiltration 
largely composed of young muscle cells. 
The lesion represents an extreme degree of 
regeneration. This is easily verified if one 
examines mice early and late. In the early 
that degeneration of 


the muscle fibers precedes the cellular in- 


stages, one may see 


filtration and, in the late preparations, one 


can easily recognize the young cells for 
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what they really are, for by then they are 
well differentiated. This distinction may be 
of some value. For one thing we should 
perhaps look to the muscle cell to learn 
more about the virus and, since muscle cells 
are relatively well understood, this seems 
a hopeful prospect. Furthermore, if muscle 
lesions occur in man, they may not resemble 
the mouse lesion which probably owes much 
of its cellular character to the age and 
species of the anima] rather than to the 
process itself. 

The size of one of the Group-A viruses 
has been measured by of Elford 
membranes.? Infectivity has regularly been 
found in the filtrates of membranes having 
an estimated pore size of 18 mg, membranes 
that consistently retain MM virus. Elford’s 
correction factor!® would place the diame- 


means 


ter between 6 and 9 my which is not signi- 
cantly different from observations made by 
others of poliomyelitis virus. 

The electron microscope has failed to re- 
veal any particulate material in infective 
preparations that cannot be found in sus- 
pensions of normal tissues. This has been 
true of suspensions of muscle as well as 
brain. The failure may be due to the tech- 
nical methods used in purification but it 
may also be accounted for by the size or 
density and thickness of the virus, Hillier™ 
reports the limiting resolution of the elec- 
tron microscope to be 5 my for viruses on 
collodion membranes. Our experience with 
Coxsackie virus parallels that of Rhian, 
Lensen, and Williams!2 who, working with 
the Lansing strain, concluded that poliomye- 
litis virus has never been 
identified on electron micrographs. 

The centrifugation studies also suggest 
that the virus is very small. Speeds of 550 
for 30 minutes in a 6-inch rotor fail 


unequivocally 


r.p.s. 
to sediment 
of the B Group are now in progress. 
Group-A strains are inactivated at 53° to 
55°C. in 30 minutes. They are relatively 
little affected by pH, being much more 
stable than MM virus and resembling in this 


all the virus. Similar studies 


respect the Lansing strain of poliomyelitis.13 
Suspensions have remained infective after 
standing at room temperature for 
days at pH 4 to 85. 
stable, in the form of mouse brain, for at 


seven 


Coxsackie virus is 


least one year in 50 per cent glycerol and 
for many months at —70°C. ‘The limits 
have not been established. 

Our major interest is poliomyelitis. Cox- 
sackie virus was originally isolated from 
two young boys with symptoms of poliomye- 
litis. Both became ill in August, 1947, dur- 
ing a mild outbreak of what was considered 
to be poliomyelitis. The older, a boy of 
nine years, complained of headache, nausea, 
and pain in his legs. He was febrile, his 
cerebrospinal fluid contained an abnormal 
number of leukocytes and in the days that 
followed his trunk and back muscles became 
weak. Paralysis persisted for more than 
seven months, 

The other patient was three and one-half 
years old. His left thigh became weak two 
days after prodromal symptoms of sore 
throat and lethargy. 
within eight months but, when last seen, he 
still had measurable atrophy of the left calf 


Paralysis disappeared 


muscles, 
Our second group of specimens was col- 
lected in Wilmington, Delaware, where an 
epidemic of 122 cases of poliomyelitis oc- 
curred during the summer of 1947. The 
epidemic was remarkable because of the ex- 
tremely low fatality rate (1.6 per cent) and 
the failure to identify viruses pathogenic 
for monkeys in suitable specimens. In other 
respects, it seems to have been typical and 
32 per cent of the patients were paralyzed. 
Four patients had bulbar symptoms.14 
Dr. Robert Ward sent us three fecal 
specimens that he had tested in monkeys 
and found free of poliomyelitis virus. One 
of these, a concentrate of two pooled fecal 
suspensions, yielded in suckling mice a sec- 
ond serologic type of Group-A virus. We 
then secured from Miss Beatrice Howitt ad- 
ditional specimens including 14 acute-phase 
fecal specimens. Four of these yielded virus 
in mice. Three were serologically similar to 
the type recovered from the specimen sub- 
mitted by Doctor Ward; the fourth was like 
Fortunately, we were 
able to demonstrate that this patient had a 
serologic response to the virus isolated from 
his own 


the original strain. 


feces. 

Miss Howitt had tested 12 fecal speci- 
mens, including 9 of those given to us, and 
2 naso-pharyngeal washings in rhesus mon- 
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keys with negative results. Thus, 16 speci- 
mens from the Wilmington epidemic suit- 
ably tested for poliomyelitis virus had been 
found to be noninfective for monkeys. One 
isolation of poliomyelitis virus had been 
made in Delaware during the summer of 
1947 but that specimen consisted of a pool 
of three fecal suspensions, one from a pa- 
tient in the suburbs of Wilmington, one from 
a child later recognized to have osteomye- 
litis rather than poliomyelitis, and the third 
‘rom a patient from Milton, Delaware, 70 
miles south of Wilmington. Poliomyellitis 
virus was again found in Milton during the 
following winter. 

Three of the Wilmington patients from 
whom Coxsackie viruses were isolated were 
also listed as paralytic but the disability 
seems to have been slight. The two that 
were re-examined the following December 
had completely recovered. 

Since 1947 we have tested more than 
4) specimens for the presence of Coxsackie 
virus. I cannot now report the results of 
that survey for some records are still in- 
complete and others should be verified but 
we have tabulated 245 cases in which the 
record indicates that paralysis was or was 
not present. Ninety-two or 37 per cent 
were classified as paralyzed. Of the 27 
patients that have yielded virus and from 
whom we have information regarding the 
presence of paralysis, 10, or again 37 per 
cent, were classified as paralytic. Six of 
the 27 have or did have residual paralysis 
and several are still in orthopedic hospitals. 
The conclusion seems unavoidable that Cox- 


sackie viruses may be recovered from pa- 
tients with paralysis as well as from patients 
without paralysis. It does not prove that 
Coxsackie virus may cause paralysis in 
man. Most of our specimens have been col- 
lected at times when and places where polio- 
myelitis virus infection is presumably com- 
mon. We have recently succeeded in caus- 
ing paralysis in both young cynomolgous 
monkeys and suckling mice inoculated with 
the same fecal suspension. The lesions in 
the monkeys were confined to the central 
nervous system while those in the mice were 
limited to the muscles. Material from the 
monkeys failed to produce the signs of 
Coxsackie virus infection in suckling mice. 
These studies are still in progress. 
Perhaps our experience during the past 
two years is an intimation of the relative 
importance of the two diseases. During this 
past summer when New York suffered its 
fourth largest epidemic of poliomyelitis, we 
isolated Coxsackie viruses only half as fre- 
quently as during 1948 when a fourth as 
many cases of poliomyelitis were reported. 
In our experience, therefore, the two 
agents are intimately associated in the field 
and individual cases require very thorough 
study with both viruses in mind. One of 
our positive fecal specimens induced a sharp 
immune response but no paralysis in a young 
cynomolgous monkey that had received a 
single intracerebral injection of a fecal sus- 
pension. Thus, monkey testing of strains 
of Coxsackie virus should not be neglected. 
I have tabulated the age distribution of 
the cases we have tested and those that 
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The lesions in mice infectec i ‘oxsackie virus, 
lhe lesions in mice infected with Coxsackie virt 


Upper left shows a typical, well-developed degeneration of striated muscles. The in- 


terstitial cells are largely young muscle cells. 
fibers is prominent. 


Hyalin degeneration of the fragmented muscle 


The upper right photograph is of the margin of a fat pad and shows the kind of 


necrosis that is sometimes seen. 


The lower left photograph is of an early lesion of the cerebrum following infection 
with a Group B strain. The parenchymal cells have disappeared from one segment of the 


cortex. 


The lower right photograph is of a late cerebral lesion and shows cystic degeneration 


in a mouse that survived several days of illness. 
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yielded virus. While our total specimens 
were rather equally drawn from the four 
age groups, the infected individuals were 
Seventy-five per 
Thus 


predominately children. 
cent were younger than ten vears, 
Coxsackie virus infection appears to be a 
disease of the very young and to differ in 
this respect from poliomyelitis as it now 
occurs in New York where roughly one-fifth 
of the cases are in adults. 


Taste L—cLAssIPICATION BY AGE OF INDIVIDU- 
ALS TESTED AND OF PROVEN CASES OF COXSACKIE 


VIRUS INFECTION 


Individuals tested Proven cases 


Age No. % No. % 
Yrs. 
Less than 5 114 26.3 ll 39.5 
5 to 9 ine. 118 272 10 35.7 
10 to 19 ine. 12 25.9 6 214 
Over 19 SY 20.6 1 3.6 
Total £33 100.0% 28 100.0% 


A breakdown by sex shows that our sam- 
ples were evenly drawn from males and fe- 
males while among our positive cases males 
were twice as common as females, This was 
also true in Connecticut? and is one of the 
most constant epidemiologic features of 
poliomyelitis, It is therefore of no value 
in distinguishing between the two diseases. 

Some of vou may consider the testing of 
hundreds of specimens for the presence of 
virus a rather laborious undertaking. ‘There 
is no satisfactory alternative. Serologic 
testing is complicated by the number of 
strains involved. In the case of type 2, in our 
experience the most common strain, there 
is a further difficulty in that all of our pa- 
tients have had homologous neutralizing an- 
In the 
latter respect, type 2 infection is similar to 
We are indeed skeptical of 


tibodies in their acute-phase sera. 


poliomyelitis. 
the significance of antibodies to any of the 
Group-A strains since reacting sera are so 
common, Pooled adult sera effectively neu- 


tralize all of these strains 


We may conclude, I believe, that we have 
learned to identify a rather common infec- 
tious disease, a disease that may simulate 
poliomyelitis, that occurs in close association 
with poliomyelitis and that has some char- 
acteristics in common with poliomyelitis. We 
hope that it will somehow serve to explain 
poliomyelitis. For the present we should 
be satisfied to observe and describe and 
suspend judgment. 
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INTRODUCTION 


Within the past 2 years a group of viruses 
with unusual and distinctive properties has 
been encountered and identified with human 
disease. The first isolation was reported in 
1948 by Dalldorf ond Sickles! who discov- 
ered the agent in feces obtained during the 
acute stage of illness from 2 boys with mus- 
cular paralysis. These patients resided in 
Coxsackie, New York and were observed 
during a small outbreak of poliomyelitis. 
Additional isolations were subsequently re- 
ported by Dalldorf and his associates2,* 
and by other investigators.4,5 

These viruses are characterized by their 
capacity to cause paralysis and death and 
to induce “severe destructive lesions of the 
striated muscles, with or without encephalo- 
malacia in immature mice and hamsters.”"6 
They appear to differ immunologically from 
poliomyelitis viruses and do not cause the 
distinctive signs or lesions of poliomyelitis 
when injected into monkeys.2,4 Dalldorf 
has suggested that the term “Coxsackie 
virus” be used as a provisional designation 
for agents of this type.6 For convenience, 
in reference, we have used an abbreviation 


* From the Department of Pediatrics and the 
Section of Preventive Medicine, Yale University 
School of Medicine. Aided by a grant from the 
National Foundation for Infantile Paralysis. 


Human Disease Associated with the Coxsackie Viruses* 


Epwarp C. CurNEN 


of this term, “C virus.” 

It is the purpose of this paper to review 
some preliminary observations concerning 
the epidemiology and clinical features of 


human diseases associated with these agents. 


RELATION OF COXSACKIE VIRUSES TO HUMAN 


DISEASE 


Epidemiology of Cases in Southern New 
England; During the summers of 1947 and 
1948 scattered outbreaks of acute febrile ill- 
nesses occurred in southern New England7-9 
as well as elsewhere.10-12) Many of the cases 
which were observed resembled nonparalytic 
forms of poliomyelitis, and in certain’ in- 
stances, strains of poliomyelitis virus were 
recovered.4, 12,13 It seemed possible, how- 
ever, that some of the illnesses might have 
been caused by a different agent. 

In order to investigate this possibility a 
study was made of 157 patients with a diag- 
nosis of poliomyelitis or aseptic meningitis, 
cause unknown, who were admitted during 
1948 to hospitals in Connecticut and Rhode 
Island.8 All of these patients had pleocy- 
tosis of the cerebrospinal fluid and none 
died, Forty-four (28 per cent) of the cases 
were classified as paralytic and 113 (72 per 
cent) as nonparalytic. The ratio of males 
to females was approximately 2 to 1 in the 
paralytic group and almost 3 to 1 in the 
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ISOLATION OF C VIRUS FROM PATLENTS, 1948 


Poliomyelitis or Aseptic Meningitis 


Paralytic 
Nonparalytic 
Pleurodynia 


Normal or Other Disease 


Total 


nonparalytic group. The peak incidence of 
cases with and without paralysis occurred 
to 9 Only 


8S per cent of the nonparalytic cases were 


in the age range of 5 years, 
older than nineteen vears as compared with 
30 per cent of the paralytic cases, 

\n analysis based on the date of onset of 
each patient’s illness revealed that the high- 
est incidence of cases without paralysis was 
in August and of paralytic cases in Sep- 
tember and October, Similar epidemiologic 
observations were made during 1947-48 by 
Den 


mark.l0 ‘The discrepancy in the weekly dis- 


Breochner-Mortensen and Raaschou in 


tribution of and 
New 


in point of time, was statistically highly siz 


paralytic nonparalytic 


cases in England, although not great 


nificant.s In view of this observation, it 
seemed improbable that all of the cases rep 
resented infection with a single agent, ie., 
poliomyelitis virus. 
total 


caused by different infectious agents, seemed 


An alternative hypothe 


sis, that the group included cases 
more likely and was substantiated by evi- 
dence obtained in the laboratory. 
Laboratory Studies on Cases in Southern 
New England 


Dalldorf and Sickles! an attempt was made 


Prompted by the report of 


to isolate an infectious agent by the injec- 
tion of infant mice with suspensions of feces 
from 6 (14 per cent) of the paralytic pati- 
ents and from 13 (12 per cent) of the non- 
paralytic patients in the study who were ad 


Number of Patients 


C Virus 
Isolated 


Tested for 


Total Virus 


6 
1133 13 5 
1 1 


mitted to hospitals during the summer of 
1948 in Connecticut and Rhode Island4 (See 
Table 1). A strain of C virus was recov- 
ered from each of 5 nonparalytic patients 
during the first 2 weeks of their illness, and 
in one exceptional case, was still demon- 
strable in a specimen of feces obtained sev- 
enty-three days after the onset. A strain of 
C virus was alse recovered during the sum- 
mer of 1948 from the feces of a boy with an 
acute febrile illness resembling epidemic 
pleurodynia. Attempts to detect C virus in 
feces from six paralytic patients and from 
31 persons who were healthy or had other 
illnesses gave negative results. 

A Connecticut strain (Conn. 5) was neu- 
tralized by serums obtained during or fol- 
lowing the acute illness, from ten of the 
patients with illnesses resembling nonpara- 
lytic poliomyelitis including the five from 
whom the agent was isolated.4 Serum from 
the bey with pleurodynia also had neutral- 
izing activity. The serologic capacity to 
neutralize C virus appeared to develop early 
in the course of illness and persisted for as 
long as eight months, the longest interval 
tested. An unequivocal rise in titer follow- 
ing the illness was demonstrated with the 
serum of one patient from whom C_ virus 
was isolated; in two other cases approxi- 
mately a ten-fold increase was observed. 
Suspensions of feces from each of the 


thirteen representative nonparalytic patients 
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INFECTION OF LABORATORY WORKERS WITH C VIRUS 


Incubation 
Period 


Patient Days 


Isolation of Increase in Titer 
Virus From of Antibody 
Throat Feces Against C Virus 


Duration 
of Fever 
Days 


E.W.S. 

J.LM. : } ? 
N.L. 5 
G.J. 2: 
F.B.L. l6or< 
LK. 2 


were also injected into rhesus monkeys by 
the intracerebral route to test for the pres- 
ence of poliomyelitis virus.4 Positive results 
were obtained only with specimens from two 
patients whose feces did not yield C virus 
serum did not neutralize the 


and whose 


Conn, strain. 

These laboratory findings revealed the as- 
sociation of C virus with some of the non- 
paralytic cases in the study and poliomye- 
litis 
gesss that each agent was responsible for 


virus with others. ‘The evidence sug- 
some of the illnesses observed. It seems pos- 
sible that the discrepancy noted in the dis- 
tribution of paralytic nonparalytic 
cases according to the date of onset may 
have been attributable to the similar but 
not identical incidence of disease caused by 
these two different infectious agents. 
Infection of Laboratory Workers: Fur- 
ther and more direct evidence that strains 
of C virus are capable of causing human 
disease was provided by the acute febrile 
illnesses in six laboratory workers, who con- 
tracted infection with an agent of this type 
while studying it (See Table I1). Three of 
these cases have been reported previously.14 
In three instances an incubation period 
which ranged from two to five days could 
be estimated from the interval between an 
obvious accidental exposure in the labora- 
tory and the onset of symptoms. In another 
worker the total period of exposure was 


16 days or less. Four of these patients 


10 

7 + 

2 + 

2 Not ‘Tested 
3 Not Tested 
Not Tested 


complained chiefly of abdominal or thoracic 
no outstanding 
from 


pain; the other two had 


symptoms. C virus was recovered 
each patient during the acute stage, in five 
instances from feces and in five from phar- 
case C virus was 


yngeal swabbings. In one 


demonstrated in both the throat and feces 
Tests for anti- 


from 


for more than two weeks,14 


bodies were carried out with serum 


three of these workers. In each case the 


capacity to neutralize the virus was not 
present prior to illness but appeared early 
and increased to high titer during conval- 
escence 

It would appear that, in these patients, 
strains of C virus caused infection and were 
responsible for the associated illness. 

Detection of C Virus Elsewhere: Among 
New 
those which occurred in the laboratory, C 


the cases from England, including 
viruses and the capacity to neutralize ho- 
mologous or related strains were identified 
exclusively with nonparalytic disease. ‘The 
evidence is not sufficient, howerer, to con- 
clude that none of the paralytic cases stud- 
ied were infected with C It will be 
recalled that Dalldorf and Sickles first iso- 


lated strains of C virus from the feces of 


virus. 


two children with paralysis.1. An increase 
in the titer of neutralizing activity against 
one of their strains was demonstrated with 
specimens of serum obtained from these pa- 
and convalescent 


tients during the acute 


stages of illness.1, 2 
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Ten additional strains of similar but not 
identical agents were recovered by Dalldorf 
and his associates during 1948 in New York 
and five from specimens collected during 
1947 in Wilmington, Delaware.2,3 One of 
the patients from New York was reported 
to have been paralyzed, another had ques- 
tionable weakness, and three from Wilming- 
ton “were described as having had weak- 
ness of certain muscles.”2 

Melnick and his associates4 detected 
strains of both C virus and of poliomyelitis 
virus in pooled fecal samples from six pati- 
ents who had “nonparalytic poliomyelitis” 
during 1947 in Akron, Ohio and in pooled 
fecal samples from patients with paralysis 
collected during 1948 in Winston-Salem, 
North Carelina. Both C15 and poliomye- 
litis!2 viruses were also found together in 
the feces of two representative patients 
from Cincinnati, Ohio studied by Sabin and 
Steigman!2 in 1947 during an extensive out 


break of “Summer Grippe.” Each of these 
patients, however, showed in relation to his 
mild illness an increase in the serologic ca 
pacity to neutralize a local strain of C 
virus.15 

Specimens of feces obtained by Dr. iattie 
Alexander in New York during the summer 
of 1949 from two paralytic patients with a 
diagnosis of poliomyelitis have each induced 
paralytic disease in both rhesus monkeys 
and infant mice. Similar results were ob- 
tained with suspensions of feces from each 
of four patients, three of whom had a para- 
lytic illness during the summer of 1949 in 
Easton, Pennsylvania.16 These findings sug- 
gest that each patient harbored strains of 
both poliomyelitis and C viruses. Tests for 
antibodies with serum from these patients 
have not yet been carried out. 

The recovery of a virus pathogenic for 
infant mice from 3 patients in Denmark has 
been reported recently by Dr. Herdis von 
Magnus,17 

Webb and his associates have described 
the occurrence in Louisiana, of an acute epi- 
demic disease of childhood which they called 
“Three-Day Sudden high 
fever, headache and myalgia were prominent 
clinical features. They have observed out- 
breaks each summer since 1946 and in 1948 
recovered strains of virus pathogenic for 


infant mice from two of their patients.5, 19 

Kilbourne2® studied a brief outbreak of 
acute, febrile, “influenza-like” illness which, 
during August 1948, affected eight members 
of a hospital staff in New York City. “Mus- 
cular” aching was a prominent symptom in 
all of these cases. Two had severe thoracic 
pain. From throat washings of one patient 
whose chief complaint was abdominal pain, 
Kilbourne recovered a virus pathogenic for 
suckling mice and found that this agent was 
related to the Conn, 5 strain of C virus. He 
also found that serum obtained from four 
of these patients during convalescence neu- 
tralized this strain whereas samples ob- 
tained in the acute phase did not. 

Strains of C virus were also recovered 
from specimens of sewage and from flies 
collected in Connecticut and in North Caro- 
lina during the summer of 19484 and in 
Manchester, Connecticut in 1949.16 A Texas 
strain was recovered from flies collected in 
the Rio Grande valley in 1948.4 

Viruses of the Coxsackie group have thus 
been found to be widely distributed in na- 
ture. Evidence has been obtained in the lab- 
oratory that they exist in multiple sero- 
logic types and may even include agents 
which are biologically different.2-4,15,21 On 
the basis of epidemiological, clinical, and 
laboratory evidence they appear to be 
closely associated with and capable of caus- 
ing human disease. 


CLINICAL MANIFESTATIONS OF 
INFECTION WITH © VIRUSES 

Although much data have accumulated to 
indicate the association of C viruses with 
human disease, relatively little information 
has been published concerning the clinical 
manifestations of infection by these agents. 
It has been observed that illnesses attribut- 
able to C virus may resemble not oniy para- 
lytic and nonparalytic poliomyelitis but also 
epidemic pleurodynia or mild undifferenti- 
ated fevers.S,14. Inapparent infection with 
C© virus has been demonstrated experiment- 
ally in chimpanzeest and may also occur in 
man, 14, 16 

In the present report an analysis has 
been made of the clinical findings in fourteen 
patients considered to represent examples 
of infection by C viruses. A strain of C virus 
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Tante IILI—SYMPTOMS AND SIGNS IN 14 PATIENTS INFECTED WITH C VIRUS 


Number of Patients with Illness Resembling 


“Summer 
Epidemic Grippe,” 
Nonparalytic Myalgia or (Minor 
Poliomyelitis Pleurodynia Illness) Total 


Total Observed . 


Symptoms 
Fever and Malaise 
Headache 
Stiff Neck or Back 

Pain in Neck or Back 
Nausea 
Vomiting 
Abdominal Pain + 
Thoracic Pain 
Pain in Extremities 
Sore Throat 
Weakness 


Signs 


Elevation of ‘Temperature 


Maximal: Range—°F. 


Range—Days 3-9 

Duration: 
Mean—Days 5.8 
Stiffness of Neck or Back 4 
Hyperemia of Pharynx 2 
Nasal Discharge 1 
Weakness of Extremity 1 


Abdominal Tenderness 


100.8- 104.5 


5 
100.6-104.2 100.3-103 
2-10 2-7 2-10 
5.2 5.0 5.3 
2 6 
3 6 
2 
1 2 
2 


was recovered during the acute stage of ill- 
ness from each of these patients. In twelve 
instances serologic tests for neutralizing 
antibodies were carried out with the homo- 
logous or a related strain, In 7, tests were 
also made for the presence of poliomyelitis 
virus. On the basis of their clinical mani- 
festations and for convenience in presenta- 
tion, these cases have been grouped in three 
categories as follows: 1) 5 with illnesses re- 
sembling non-paralytic poliomyelitis; 2) 5 


with illnesses resembling epidemic myalgia 
or pleurodynia; and 3) 4 with minor undif- 
ferentiated illnesses including two referred 
to elsewhere as “Summer Grippe.” 12 

The symptoms and physical findings in 
these cases have been summarized in Table 

Iliness Resembling Nonparalytic Polio- 
muyelitis: The 5 patients with illnesses re- 
sembling nonparalytic poliomyelitis came 
from three different localities in Connecticut 


1 a 5 4 14 
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and were admitted to hospitals during Au- 
gust and September, 1948.8 All were males; 
4 were from 5 to 11 years, and 1 was 32 
years of age. 

The onset of symptoms was relatively 
abrupt in three and gradual in two. The 
acute illness appeared to be diphasic in two 
instances, Fever was present in all of these 
patients and was recurrent or remittent 
more often than sustained. Headache, 
nausea, and abdominal pain were common 
early complaints; stiffness of the neck or 
back and vomiting tended to occur later. 
Other complaints were transitory and not 
typical. 

The physical signs of illness were few and 
not distinctive. The maximal elevation of 
temperature ranged from 100.8 in one case 
to 104.5 in another. The duration of fever 
ranged from three to nine days; the average 
was 5.8 days. All but one of the patients 
had some stiffness of the neck or back. In 
three patients this finding was present for 
only a few days, in one it gradually dimin- 
ished over a period of a month. Hyperemia 
of the pharynx was noted in two of these 
cases. A typical patient was thought by one 
observer to have had weakness of the right 
hip for a period of two days. Another pa- 
tient was admitted under suspicion of ap- 
pendicitis, with a chief complaint of ab- 
dominal pain and signs of upper respiratory 
infection. He was one of four patients in 
the group who complained of abdominal 
pain; it is noteworthy that none of them ap- 
peared to have associated abdominal tender- 
ness. He did not mention or show stiffness 
of the neck, Examinations of his cerebro- 
spinal fluid, however, revealed an_ initial 
pleocytosis of 27 WBC per cu. ml. which fell 
to normal while the protein content was ob 
served to be 19, 70, and Hh mg. per LOO cu. 
ml. on the Sth, loth, and 16th days of illness, 
respectively 

The cerebrospinal fluid was examined in 
all of these cases. The initial leukocyte 
count ranged from 27 to 125 per cu, ml. The 
per cent of polymorphonuclear cells ranged 
from 7 to 54 and was 30 or more with one 
exception, An elevation of protein content 
was noted only in 2 cases. 


The results of other laboratory examina- 


tions were not remarkable, Studies of the 


blood in each case showed that the total 
leukocyte counts remained within the nor- 
mal range; the differential counts did not 
appear to be abnormal. 

The course of illness in each patient was 
relatively brief, uncomplicated, and ter- 
minated in complete recovery. The period 
of hospitalization ranged from six to thir- 
teen days with an average of ten days. 

Illness Resembling Epidemie Myalgia or 
Pleurodynia: The 5 patients in this group 
include a 14 year old boy admitted during 
the summer of 1948 with a diagnosis of 
pleurodynia® and four (2 male and 2 fe- 
male) laboratory workers who contracted 
infection with C virus in 1949, Three of the 
latter cases have been reported previously.14 

The onset of illlness was sudden in two 
and gradual in three of these patients. All 
had fever and headache. Each had as the 
chief complaint thoracic or abdominal pain. 
The thoracic pain varied considerably 
severity, was intensified by movement and 
persisted from 2 days to almost 2 weeks. 
In 3 instances, the location of thoracic pain 
was mainly lateral and in another sub- 
sternal. The abdominal pain was more com- 
monly on the right side and, in 1 patient 
who did not have pain in the chest, was lo- 
cated chiefly in the right upper quadrant. 
Two patients had stiffness of the neck or 
back and two complained of feeling weak. 
Two were nauseated but only one vomited. 
One complained particularly of cutaneous 
hyperesthesia. Other symptoms, each noted 
in one or two of these patients, were not 
typical. 

The findings on physical examination in 
general corresponded closely to those ob- 
served in the previous group. The range of 
maximal fever, 100.6 to 104.2°F, was almost 
identical, so too, was the duration of fever 
(range of two to ten days, average of 5.2 
days). 

Hyperemia of the pharynx was present in 
three cases and slight abdominal tenderness 
in two. One patient had transitory general- 
ized weakness of the lower extremities with- 
out alteration of reflexes. Two patients had 
detectable stiffness of the neck or back; 
lumbar punctures were done in these two 
only. 

The cerebrospinal fluid was normal in the 
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boy with pleurodynia; in another case, a 
female laboratory worker, the total leuko- 
eyte count was 375 per cu. ml. with 49 per 
cent polymorphonuclears. The protein con- 
tent was normal. The results of other labora- 
tory tests which were done in these cases 
were also not remarkable. 

The course of illness 
abrupt diphasic episode in the boy with 
pleurodynia, which lasted less than 4 days, 
to the more protracted course lasting about 
two weeks experienced by 3 of the 4 labora- 


varied from an 


tory workers. 

Minor Illness: The third group includes 
2 young adult male laboratory workers who 
became ill in New Haven during the sum- 
mer of 1949. Tests for poliomyelitis virus 
and for antibodies against C virus were not 
carried out in these cases. Included also in 
this group are 2 boys, 3 and 12 years of 
age reported previously by Sabin and Steig- 
man as cases of “Summer Grippe.”12 These 
2 patients were found to harbor C virusl5 as 
well as poliomyelitis virus!2 and to have 
developed in relation to the acute illness an 
increase in the capacity to neutralize C 
virus,15 

the onset of illness was gradual in three 
of these patients. In one of the children the 
illness began suddenly with abdominal pain 
and vomiting. All had 
and three complained of pain in the neck 
or back. One of the children and one of the 
adults had both of the adults 
complained of sore throat and discomfort 


fever and malaise, 


headache ; 


in relation to the eyes. Three had transitory 
aching of the extremities. 

The elevation of temperature in these pa- 
tients did not ; the 
from two to seven days with an average of 
five days. In both children the fever was re- 
pharynx 


exceed 103 range Was 


mittent. Hyperemia of the was 
noted in one adult patient and upper ab- 
dominal tenderness in the child with abdom- 
inal pain. The other child had tenderness on 
pressure over the hamstring muscles. 

Lumbar puncture was done only on the 
two children. The cerebrospinal fluid from 
one was reported to be normal; in the other 
case it contained 150 mononuclear leukocytes 
per cu. ml. The Pandy test for protein was 
negative. 

It is apparent on analysis of even these 


few cases that the clinical features of hu- 
man disease attributable to C viruses are 
not distinctive and vary considerably. The 
importance of infection with C viruses as 
human disease, the relative frequency with 
which different clinical forms occur, and the 
extent to which these agents will be identi- 
fied with syndromes of previously unknown 
or uncertain etiology remain to be deter- 
mined. 
SUMMARY 

Viruses pathogenic for infant mice (Cox- 
sackie group) are widely distributed in na- 
ture and are capable of causing human dis- 
ease. Illnesses thus far identified with these 
agents have resembled poliomyelitis, epi- 
demic myalgia or pleurodynia, and minor 
febrile episodes. 
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Studies on the Coxsackie Viruses: Properties, Inmnmological 
Aspects and Distribution in Nature* 


Metnick 


passes through bacteria-tight filters. ‘The 


clinical features of the human disease are 


discussed in detail in accompanying papers 


by 


Drs. Gilbert Dalldorf and Edward C. 


Curnen. This paper deals with 1) a descrip- 
tion of the experimental disease in mice and 


laboratory primates, 2) some properties of 


the 


group of C viruses, 3) immunological 


aspects, 4) interference experiments with 
poliomyelitis virus, and 5) occurrence of C 
viruses in nature. 


l. THE EXPERIMENTAL DISEASE 


The disease in mice. Infant mice (Swiss) 
are susceptible to the virus inoculated by 


any of the following routes: intracerebral, 
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Fig. 1—Myositis in paralyzed limb of 8 day old mouse, sacrificed in the first day 


of paralysis. 155 x magnification. 


intraperitoneal, subcutaneous or oral. Signs 
of the disease generally appear within 2 
to 10 days, and are manifested by weakness 
and paralysis of one or more extremities. 
within 24 
although older animals occasionally survive. 
With certain strains, the number of infected 


Death generally follows hours, 


animals which recover may be considerable. 
In very young mice a marked ataxia may 
be the only sign before death. With some 
strains, tremors, particularly of the head, 
may not be uncommon, Wrist drop, some- 
times bilateral, is a striking involvement. 
Most of our experience has been with 
animals inoculated before they were 24 
hours old. However, certain strains of high 
titer (viz. Texas, 1948) produce disease in 
15 to 20 day old mice. The capacity to in- 
fect older mice may simply be a function of 
virus concentration of the inoculum, Table 
I illustrates the effect of age of the mouse 
on its state of susceptibility to C virus in- 
(infected 


fection, using passage material 
brains or muscles) and naturally infectious 
human material. Susceptibility appears to 


decrease from the time of birth and 
markedly so beyond the 5th day of life. 
The outstanding pathological finding as 
illustrated in Figure 1 has been an extensive 
myositis in the skeletal muscles especially 
of the The 
marked degree of edematous separation of 
elements. Changes in the muscle fibers pro- 
ceed from loss of cross-striations, appear- 
ance of refractile, slightly basophilic homo- 
genous areas to waxy or hyaline necrosis 
closely resembling, as Dalldorf has pointed 
out, Zenker’s hyaline degeneration. Short 
muscle fibers or the entire 


very 


extremities.* muscles show a 


segments of 
fiber length included in one section may be 
affected. The nuclei in the necrotic segments 
usually become pyknotic, tend to move cen- 
trally or to lose their orientation against 
the sarcolemma, and often fragment. Kary- 
orrhexis is very prominent in some loci, and 
pyknotic fragments may be expelled into 
the interstitial spaces. There is a diffuse in- 
* The histopathological studies have been carried 

out in collaboration with Drs. Gabriel ©. God- 


man and Henry Bunting, Department of Pathol- 
oxy, Yale University School of Medicine. 
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Tame |L-RELATIONSHIP OF AGE OF MICE TO SUSCEPTIBILITY TO C VIRUS 


Conn, Strain in 
Conn, Strain in Swedish Mice Swiss Mice Patient Schenk's 


lufected Iufected 
Muscle Muscle Stools 


lufected 
Brains 


10-54 105-8 


S 1045 


10(5) 
2/7 (0) 


<lris o/s 


10°37 indicates the concentration of infected tissue containing one ID.,.. 


8/10 (5) indicates that of 10 mice inoculated, 5 became paralyzed and 3 others died with- 
out signs of disease having been observed. 


terstitial infiltration consisting principally have the highest concentration of virus, 


of mononuclear cells usually about 100 fold higher than that 


The nuclei of relatively unchanged fibers, found in brain. Other tissues than muscle 


or even some of the necrotic ones, become and brain which have been found to con- 


rounded, enlarged, vesicular, and show pro- tain virus are: blood, heart, liver, spleen 


liferative activity. This is evidenced by their and intestinal wall. The virus has also been 


multiplication and alignment in linear col- recovered from intestinal contents of  in- 


umns. These nuclei possess large nucleoli fected mice. That the agent recovered from 


and the columns or strands are surrounded — this latter source was not Theiler’s TO 


by a basophilic sarcoplasm. This is the first virus (which is a natural contaminant of 


appearance of the regenerating fiber, which the intestines of many normal mice) was 


becomes thicker, more eosinophilic, and de- indicated by the lack of pathogenicity of 
velops longitudinal striation. Thus regener the recovered agent for 3-week-old mice. 

ative activity begins early and apparently From the studies which have been made 
at this stage occurs side by side with myo of the distribution of virus in the bodies 


necrosis and inflammation. No inclusion of paralyzed mice on the first day of dis- 


bodies have been found. In some mice le- ease, it would appear that three immuno- 


sions have been observed in’ the heart logical types of virus (Texas, Ohio, and 


muscle and in the brain (Fig. 2). The Connecticut) also have different tissue af- 


lesion in’ the brain, particularly in the finities. Thus the Texas type is character- 


hippocampus, is characterized by a loss in ized by a marked viremia, the blood having 


ganglion cells and scattered, fragmented, a titer of 10°77 (in 4 tests carried out on 4 


nuclear debris. The degeneration of nervous different groups of paralyzed mice) and 


tissue is evidenced by a loss of tissue archi- being, next to muscle, the most infectious 


tecture with the replacement by material tissue in the body. The Connecticut type 


having a spongy appearance and containing also produces a viremia, with the blood 


large phagocytes. There is an increase in — titering 10-1, With this strain the muscles 


the number of cells in the leptomeninges. have a titer of 10°6 and the intestinal wall 


The virus is widespread in the body of — and intestinal contents are also rich in 


the mouse at the time of acute disease. In virus with a titer of 10°4, The Ohio type 


accordance with the pathological findings, has usually failed to have a detectable 


the skeletal muscles have been found to amount of virus in the blood stream: of 4 
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Fig 2--Lesion in brain of 7 day old mouse, sacrificed on the second day of 
paralysis. (A)60 x magnification, (B)240 x magnification. 


Fig. 2A. 
Fig. 2B. 
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STRAIN |MONKEY 


FECES 
THROAT 
ANTIBODIES 


cYNo 
4403 


REOMOND 


FECES 
THROAT 
ANTIBODIES 


REOMOND 


FECES 
THROAT 
ANTIBODIES 


REDMOND | RHESUS 


430! 


FECES 
THROAT 
ANTIBODIES 


REOMOND 


Virus Fed 


Fig. 3 


Positive Test 


for Virus cc) Negative Test for Virus 


Occurrence of virus in the feces and in the oropharynx following the 


feeding of the Redmond strain of C virus to four cynomolgus, rhesus, and cerco- 
pithecus (green) monkeys. The development of neutralizing and complement fixing 
antibodies in only the cynomolgus monkeys is also shown, Positive tests of virus 
within the first three days after feeding are interpreted as mechanical, passive transit 


through the alimentary 


tract. Significant recoveries of virus as an 


indication of 


infection are shown to the right of the dotted line. 


yielded a 
Ohio 


groups of mice tested only one 
positive test. The disease with the 
strain is marked by the relatively high ratio 
the brain 
to that in the muscle, in contrast to that 
interest that 


of the concentration of virus in 


with other strains. It is of 
the Ohio strain also produces a murine dis- 
ease in which tremors are often present. 
With these striking differences in 
affinities of the different types, the possi- 
bility must be raised that we are dealing 
not with different immunological types of a 
but actually with distinct 


tissue 


single virus, 
viruses. 
Host range. It had appeared that only 
man and certain infant rodents were sus- 
ceptible to infection with C virus, Attempts 
to grow the virus in chick embryos by 
conventional methods as well as attempts 
to induce clinical disease in monkeys by 
parenteral routes have failed. On the other 
hand, following the oral administration of 
virus, an infectious state could be estab- 
lished in cynomolgus monkeys but not in 


rhesus or cercopithecus (green) monkeys.7 
This is shown by the development of a 
pharyngeal and intestinal virus carrier state 
and the formation of neutralizing and com- 
plement fixing antibodies (Fig. 3). The 
virus carrier state was found to be accom- 
panied by fever usually about 9 days after 
exposure. Following the intramuscular in- 
oculation of virus into cynomolgus mon- 
keys, fever was usually brought on by the 
4th to 7th day. The virus may be recovered 
from the throat beginning on the second 
day after continuing 
through the period of fever. 

The response of the cynomolgus monkey 
to the oral administration of C virus is 
similar in many ways to that of the chim- 
panzee. In the latter animal the infection 
occurs at the subclinical level and has been 
characterized by a brief viremia lasting 
about 2 to 3 days, a pharyngeal carrier 
state of about 3 to 7 days and an intestinal 
carrier state lasting from 12 to 35 days. 
Following the exposure to one strain, homo- 


inoculation and 
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Taste II—SEDIMENTATION CONSTANT AND SIZE OF C VIRUSES IN 
RELATION TO THOSE OF OTHER VIRUSES 


Virus 


Sedimentation 
Constant XN 1018 


Diameter (mp) 


Elec. 


Filtration microscope 


Vaccinia 


Influenza A 
Influenza B 
Papilloma (rabbit) 


Equine encephalomyelitis: 
Western 


Eastern 
Bushy stunt (tomate) 


C Viruses: 
Conn. type 


Ohio type 
Texas type 


Poliomyelitis 


150-225 210 x 260 


80-120 


132 13-20 25 
135 15-23 
145 15-23 
155 15-23 
125 8-17 


The data for the C viruses and the sedimentation constant for poliomyelitis virus (Lansing 
strain) were obtained in the author's laboratory. The other data presented in the table 


were obtained by several investigators, whose work has recently been summarized by 


Beard.16 


logous antibodies appear in about 12 days 
and persist for at least 6 months. During 
this period, it has not been possible to re- 
infect such animals with the homologous 
virus. Following such a challenge by the 
oral route, the virus may be recovered for 
a few days in the stools (passive carriage 
through the gut), but not at all from the 
throat. However, with oral exposure to a 
second heterologous type, chimpanzees re- 
spond to the second type in precisely the 
same fashion as they did to the first type. 
The type of response is strikingly similar 
in these animals to that which they have 
following the feeding of poliomyelitis 
virus.8, 9 

In man, the possibility of subclinical in- 
fection is indicated by the finding of an 
intestinal carrier state in an apparently 
healthy familial contact, and by the finding 


of antibodies to various strains of the virus 
in several samples of human serum and 
gamma globulin collected in different areas 
of this country as well as in Denmark and 
Sweden.10 


Il. PROPERTIES OF THE VIRUS 


Various strains of the agent have been 
found to pass readily through bacteria- 
tight filters (EK Seitz and Corning glass 
fritted UF). No significant loss in titer has 
been found following such treatment. This 
has been true with extracts of stools of pa- 
tients as well as with suspensions of in- 
fected tissue of passage mice. 

The virus has been found to be resistant 
to ether, penicillin, streptomycin, and 
chloromycetin. In view of the fact that it 
may be precipitated by half saturation with 
ammonium sulfate, the procedure used for 
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TRANSMISSION HOMOTYPIC IMMUNITY 


OF 


Tame II—MATERNAL 


Babies Born of Mothers Immunized With: 


Challenge 
Virus High Point Texas Conn. Ohio 


Ratio of susceptible mice to number inoculated 


; High Point . 0/48 10/63(3) 65/65 (21) 8/8 (7) 
Texas 31/49 (25) 0/36 42/42 (14) 9/9 (6) 
Conn. 73/92(21) 27/29(11) 0/30 

Ohio 22/22 (19) 24/24(24) 17/17 (14) 3/48(0) 


Immune 


High Point +++ +++— 


response (resistance) of single litters 


Conn. 


Texas 


+++4++ 
+++4++4+ 


Ohio 


10/63 (3) indicates that of 63 infant mice inoculated 10 died, and of the latter, 3 showed 
signs of paralysis before death. As indicated in the bottom of the table, these 63 animals 
came from 8 different litters, born of mothers vaccinated with the Texas strain. One of the 
litters was susceptible and 7 were resistant to challenge of 100 to 1000 ID,,, doses of High 
Point strain. 


Taste [LV—CROSS NEUTRALIZATION OF STRAINS OF C VIRUS 


Immune Serum: Log of Neutralization Index 


Virus Control Teras HIPT,NC Conn. Ohio D-I D-II D-III 
Texas 10-7-0 .- 60 5.0 0 0 0 0 0 
Hi Pt, NC 10-65 £6 5. 0 0 0 0 0 
W-s, NC lo-45 0 0-3.3 3.3 0 0 0 0 
Conn, #5 10-57 0 0-3.5 >4.7 0 0 0 0 
Ohio-Red, 1-5-2 0 0 0 >42 0 0 0 
Dalldorf I 10-3 0 0 0 0 
Dalldorf 0 
Dalldorf III 10-5 0 0 0 0 0 


The logarithm of the neutralization index is obtained by subtracting the negative logarithm 
of the ID,, titer of the virus in the presence of immune serum from that in the presence of 
normal horse serum 
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concentration of poliomyelitis virus from 
sewage may also be employed for this 
agent.11,12) Suspensions of the virus in 
water are not inactivated by heating at 55° 
for 30 minutes, but the virus is destroyed 
at 60° for 30 minutes. The virus is stable, 
with no significant loss in titer, for long 
periods at -20° or -70°C. Infectivity may 
be preserved if tissues, particularly muscle, 
are st red in 50 per cent glycerol or 50 per 
cent mormal monkey serum at ice box or 
room temperature for periods up to 70 
days. 

The agent appears to be one of the 
smaller viruses. Filtration through gradacol 
membranes of known porosity has indicated 
the diameters of different immunological 
types to be of the order of 15 to 23 myg.* 
Experiments on differential sedimentation 
of the virus show that little of it is re- 
moved from the supernatant fluid at 18,000 
rpm in a 6-inch rotor (PR1). However, 
spinning at 36,000 rpm in a Beams type or 
a Pickels-Spinco type ultracentrifuge has 
been found to throw down the virus in the 
form of a gelatinous sediment, Experiments 
in the Pickels-Spinco ultracentrifuge using 
the partition cell described by Tiselius, 
Pedersen and Svedbergl3 have yielded an 
approximate sedimentation constant of 135 
Svedberg units (20°) for the Connecticut 
No. 5 strain, of 145 for the Ohio strain, of 
155 for the Texas strain, and of 125 for 
poliomyelitis virus (Lansing strain). The 
relationship of the filtration diameter and 
sedimentation constant of C virus to those 
of some previously studied viral agents is 


shown in Table IL. 


IMMUNOLOGICAL ASPECTS 


Homologous immune serum prepared in 
ipletely neutralizes the virus, 


animals 
whereas it is not neutralized by hyperim- 
mune serum against the following viruses: 
poliomyelitis (Lansing, North Carolina 
1948, and Texas 1948 strains), Theiler’s FA 
and GD VIL strains of mouse encephalo- 
myelitis, mumps, herpes simplex, lymphocy- 
tic choriomeningitis, encephalomyocarditis, 
* This observation has been made with the help of 

Dr. Joel Warren, Department of Virus and 


Rickettsial Diseases, Army Medical Center, 
Washington, D. C. 


louping ill, Venezuelan equine encephalo- 
myelitis, and Newcastle disease viruses. 

The virus exists in multiple serological 
types. The methods used for differentiating 
these types in our laboratory have been 
four: 1) cross-protection tests in baby mice 
born of immunized mothers, 2) pharyngeal 
and intestinal carrier states in immunized 
chimpanzees, 3) cross neutralization tests 
in infant mice, and 4) complement fixation 
tests. The details of these experiments are 
being reported elsewhere; the results in 
brief are summarized here. 

Because mice become increasingly —re- 
sistant to infection within the first few 
days of life, cross-protection tests in vac- 
cinated baby mice cannot be satisfactorily 
performed, However, such tests can be car- 
ried out if we use baby mice which are 
born of vaccinated mothers. Such infant 
mice have solid immunity to the strain used 
for vaccinating the mothers, and none to 
strains of heterologous types. Using such 
tests (see Table II1), we have classified 4 
Strains isolated from widely scattered areas 
of this country: 

Ohio, isolated from stools of a patient 
(Red.) diagnosed as summer grippe_ in 
Cincinnati, Ohio, 1947. 

Connecticut, isolated from stools of a 
patient (Bot., No. 5) diagnosed as non- 
paralytic poliomyelitis in New Haven, Con- 
necticut, 1948. 

North Carolina (High Point), isolated 
from urban sewage during an epidemic of 


poliomyelitis, 1948, 

Texas, isolated from flies during an epi- 
demic of poliomyelitis, 1948. 

The results show that the four strains 
fall into 3 distinct immunological types: 
Connecticut, Ohio, and the related North 
Carolina-Texas strains. 

As mentioned earlier, chimpanzees are 
susceptible to infection with C virus, fol- 
lowing which they become immune to re- 
infection with the same strain. By meas- 
uring whether such immunized animals 
become pharyngeal and intestinal carriers 
of a heterologous strain, it is possible to 
determine strain relationships. Work car- 
ried out with the Connecticut, Texas, and 
Ohio strains show that these strains belong 
to different immunological types in accord- 
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TEXAS MOUSE SERUM 
ws 
8 UWTS OF 


‘ ANTIGEN 


SERUM DILUTIONS 


Fig. 4—Relationships of amount of com- 
plement fixed with varying dilutions of Ohio 
and ‘Texas immune serum in presence of 
8 units of Ohio, Connecticut, High Point, 
and ‘Texas antigens. Normal tissue antigens 
at dilutions of 1:2 and 1:32 are also included. 


Tane V 


ance with data obtained by other methods. 
Thus it has been possible to infect animals 
all 3 though 
strain could be 


strains, even 


immunity 


serially with 


homologous 


proven during the course of the experi- 


ments. 

Cross-neut ralization im- 
mune animal sera have been for 
their ability to neutralize various strains 
of C virus have out using 
undiluted sera with varying doses of virus. 
Such tests in Table IV again 
indicate that at Yale we are dealing with 
at least 3 different immunological types, 
and furthermore in such tests the strains 
are unrelated to the 3 types isolated by 
Sickles and Dalldorf.14 It is apparent from 
Table IV that there is also some crossing 
of strains isolated from widely scattered 
parts of the country. Thus strains isolated 
from High Point, N. C., sewage and Alamo, 
‘Texas, flies are related, and a strain iso- 


which 
tested 


tests in 


been carried 


as shown 


AREA OF FIXATION IN PLANIMETER UNITS 


Antigens 


Conn. 
Ohio 


Normal 


Conn. 


Normal Normal 
I st 2 


0 


Cross Reactions, Correcrep ror Frxarion 


wirtt Normat ANTIGEN 


Antigens 


Tex. HiPt. 
SERA 


Tex. 2 0 


Hi Vt : 15 


Conn 1 


Ohio 0 


Conn. 


Averaces or Cross Reactions 


Antigens 


Ohio HiPt. Conn. Ohio 


0 


! 


0 


From the areas of fixation, the extent of the cross sections of the strains is determined, A 
value of 100 is assigned to the area of fixation by each pair of homologous antigen and serum. 
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lated from patients in Winston-Salem, N. C., 
crosses with one obtained from a_ patient 
in New Haven, Conn. 

Perhaps the most élite of the methods 
used for demonstrating strain relationships 
has been the use of the micro-complement 
fixation test as developed by Fulton and 
Dumbell.15 small 
mm.) of reagents dropped on trans- 


Using amounts (20 to 


parent plastic (lucite) plates, instead of 
tubes, it is 
amount of complement fixed by each dilu- 
tion of serum in the test. These data may 
be plotted and the area under each curve 
determined with a planimeter. Two such 
sets of curves are shown in Fig. 4, illustrat- 
ing (1) that the Ohio antiserum fixes com- 
plement only in the presence of homologous 


possible to determine the 


antigen, but not in the presence of Con- 
necticut, High Point, N. C., Texas, or nor- 
mal mouse tissue antigens, and (2) that the 
Texas antiserum reacts with both the Texas 
and High Point 
Connecticut, Ohio, and normal tissue anti- 
From the areas enclosed by these 


antigens, but not the 


gens. 
curves, relationships may be calculated as 
outlined in Table V. Again it is shown that 
we are dealing with at least 3 immunolog- 
ical types. Of interest is the finding that 
the Texas and North Carolina strains are 
strongly related, but that the North Caro- 
lina (unlike the Texas) also shows a weak 
with the Con- 
firming the results of the cross neutraliza- 
found that the three 
the complement 
homologous serum, but 


crossing Connecticut strain. 


tion tests, we have 
Dalldorf types 
fixation test with 
fail to cross with the three standard types 


react in 


used in our laboratory. 

Before leaving the subject of immunolog- 
ical reactions of C virus, some brief com- 
ment is in order on the serological response 
in human infection, Our experience has 
indicated that neutralizing antibodies ap- 
pear at or soon after the onset of the dis- 
ease. If undiluted sera collected early and 
late in the disease are used in such tests it 
is often impossible to demonstrate a rise 
in titer of antibodies. However, if a con- 
stant amount of virus is used against vary- 
ing dilutions of serum, antibody increases 
have been apparent (Figs. 5, 6). Comple- 
ment fixing antibodies also appear in man 
and from our present limited data they ap- 
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Fig. 5—Appearance of neutralizing anti- 
hodies. The serum at 1:100, taken on the 
ninth day of illness, neutralized 100 ID, 
doses, and at 1;:1000 neutralized 10 ID,» 
doses. 
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STAGE OF DISEASE 


Fig. 6—Development of neutralizing anti- 
bodies to C virus (Ohio strain) in 7 patients 
(A to G) diagnosed as “summer grippe” or 
“non-paralytic poliomyelitis.” A constant 
amount of virus (50 to 100 ID,,) was mixed 
with varying dilutions of serum. The average 
dilution of serum capable of neutralizing 
this amount of virus was 1:35 in the acute 
stage and 1:600 in convalescence. 
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NEUTRALIZING TITER came 
COMPLEMENT FIXATION TITERO==—O 


DAY OF DISEASE 


Fig. 7—Comparative development of neu- 
tralizing and complement fixing antibodies 
to C virus, These data were obtained from 3 
patients proven to be intestinal carriers of 
C virus during the acute stage of illness. 


pear to be demonstrable only after neu- 
tralizing antibodies have made their appear- 
ance (Fig. 7). 
IV. LACK OF INTERFERENCE WITH 
POLIOMYELITIS VIRUS 


With the frequent finding of C virus in 
places where poliomyelitis virus often occurs 


Taste VI—LACK OF INTERFERENCE 


and the lack of immunological crossing be- 
tween the two agents, the question of pos- 
sible interference of one virus with the 
other is under consideration. While we 
have not made an exhaustive study of this 
aspect of the problem, we have obtained 
some data with mice, monkeys and chim- 
panzees. None of it speaks for interference. 
For example, if the agents are mixed (as 
shown in Table V1) and titrated simulta- 
neously by the intracerebral route in four- 
week-old mice and by the intraperitoneal 
route in new-born mice, there is no differ- 
ence between the titer of the Lansing virus 
alone or when mixed with C virus, and vice 
versa, The susceptibility of mice to Lansing 
virus also was not altered by previous 
intracerebral inoculation of the animals 
with C virus 1 hour, 1 day, or 18 days 
prior to the inoculation of poliomyelitis 
virus. 

With certain highly virulent strains of C 
virus (viz. Texas), even three-week-old mice 
are susceptibie. Following infection with 
Texas virus, occasionally such paralyzed 
animals recover completely. Such recovered 
animals show no resistance to subsequent 
infection with Lansing. Furthermore, a 
mouse may incubate both viruses together. 


BETWEEN POLIOMYELITIS VIRUS 


(LANSING) AND C VIRUS 


IDy in 
Infant Mice Virus 
Route 


C Virus 


Inoculations in 3 week mice 
Polio Virus 
Inoculated 


Inoculated in 
1 Day Mice 
C Virus ID, 


Polio Virus 
IDs 


Conn, 10°58 1c 


1 hr. later 
1 day later 


18 days later 


wso 1c 


Texas 


1 hr. later 


1 day later 


Simultaneously 


Simultaneously 


10°35 
10°32 
10-30 
>1025 
10°3:3 
10°34 


10°35 


18 days later 


18 days later 


Control 
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In the course of these experiments an ani- 
mal inoculated intracerebrally with 
Texas C virus followed an hour later with 
a small dose (3 ID,,) of Lansing polio- 
myelitis virus. Five days later both hind 


was 


legs were completely paralyzed as a result 
of the C virus infection. The mouse went 
on to complete recovery of the use of its 
legs by the tenth day. On the 12th day, it 
developed typical paralysis of the fore legs 
due to infection with Lansing poliomyelitis 
virus. 

Under more 
panzees, we have also been unable to dem- 
onstrate interference. chimpanzees 
were infected with C the 
route, and a short period after the infection 
was established they were found to be as 
readily susceptible to infection with polio- 
myelitis virus as normal animals. 


natural conditions in chim- 
Thus 


virus by oral 


In monkeys we have found repeatedly in 
the course of isolating both C 
poliomyelitis virus from the same material 
that the material (either 
human stools or flies) into monkeys gives 
rise to typical poliomyelitis, and into mice 
gives rise to typical C virus infection. We 
encountered one batch of human_ stools 
from poliomyelitis patients which has given 
titers of 10°3 in monkeys and of 10°35 in 
infant mice. We have found both viruses 
present simultaneously in fecal material 
collected in Ohio in 1947; in North Caro- 
lina in 1948; in ‘Texas in 1948; in New 
York City in 1949; and in Pennsylvania in 
1949. Furthermore, both viruses have occa- 
sionally been present in the same batches of 
flies trapped during the 1948 poliomyelitis 
season in North Carolina and in ‘Texas. 


virus and 


inoculation of 


DISTRIBUTION OF C VIRUS IN NATURE 


Mention has already been made of the 
simultaneous poliomyelitis 
virus and C virus in nature. It should be 
emphasized that this relationship to polio- 
myelitis virus in nature may be more ap- 
parent than real, for we have not studied 
adequately similar materials collected in 
times non-epidemic for poliomyelitis. How- 
ever, in 14 instances, both poliomyelitis virus 
and C virus have been from 
individual patients: two of these were diag- 
grippe, nonparalytie 


occurrence of 


recovered 


summer two 


nosed 


GREENSBORO, N.C. 
1948 


WO OF POLIO Cases 
PER 


city 


FLY TESTS 


THREE 


OF city 


TWO antas 


Stwace Tests 


Fig. 8—Occurrence of C virus and polio- 
myelitis virus in flies and sewage during the 
course of an epidemic of poliomyelitis. 


poliomyelitis, and ten paralytic poliomye- 
litis. In addition to the finding of both 
viruses in the same individual, it is worth 
noting the occurrence of these two viruses 
in a community during a typical epidemic 
of poliomyelitis. 

In North Carolina in 1948, collections of 
fecal material from hospitalized, poliomye- 
litic patients, of flies, and of sewage were 
started early in the epidemic in May and 
continued through the end of August in 3 
cities (Greensboro, High Point, and Win- 
ston-Salem). C virus and poliomyelitis virus 
were both recovered from the stool samples 
of patients in both Greensboro and Win- 
ston-Salem. From the summary of the find- 
ings in Greensboro, as presented in Fig. 8, 
it can be seen that C virus was detected in 
flies collected throughout the city. In two 
areas of Greensboro, it was found repeated- 
ly until the end of July. Poliomyelitis virus 
was also prevalent in the fly population 
during this period, and in two instances 
both viruses were recovered from the same 
batch of flies. From the data there is a 
suggestion that the flies in certain areas of 
the city were more heavily infected with C 
virus than those in other areas. 

With the finding of C virus in stools of 
patients from this area, it is not too sur- 
prising to find one of the four sewage 
samples tested to yield a positive test for C 
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Fig. 9 
Salem, N. C. 


Virus (Lemerng) 


wth undiluted serum 


Streptococcus Aggivtination 


320 


Cont wth serum over 


Serological response in a group of 250 normal children from Winston- 
The columns marked “PI” indicate the results with placental sera 


obtained from 20 individuals, ‘The white columns represent sera from children bled 
in May at the beginning of the poliomyelitis epidemic and the black columns sera 


virus. Only one sample of sewage gave a 
positive test for poliomyelitis virus-—a sam- 
ple collected at the peak of the epidemic. 
In High Point, of four sewage samples 
tested for C virus, three yielded positive 
tests; and in Winston-Salem, six sewage 
samples were collected to yield three pos- 
itive tests for C virus. The positive samples 
were 
outbreak. 


collected in July at the peak of the 
During — this opportunity 
arose to obtain 250 samples of serum of 
normal the be- 
ginning of the epidemic and again at the end 


epidemic an 


individuals in the area at 


in the late fall. Determinations of the total 
gamma-globulin levels, of the streptococcal 
agglutinins, and of influenza anti-hemag 
glutinins indicated that these did not change 
during the summer, It was striking that 
the only antibodies which changed signifi- 


cantly were the Lansing and the C virus 


from the same children bled in November at the end of the epidemic. 


antibodies (Fig. 9). This finding of an in- 
crease in neutralizing and complement fix- 
ing antibodies to C virus in normal indi- 
viduals during the summer when the agent 
was readily detected in sewage and flies, 
indicates to us that subclinical infection 
with the agent may be a common occur- 


rence. 
VI. concivusion 


From this review it is obvious that we 
have with us a newly recognized group of 
viruses which will have to be given serious 
attention. In Table VII a summary is pre- 
sented of the similarities and the differences 
between poliomyelitis virus and C virus. 
Although the two agents are antigenically 
distinct, the number of instances in which 
their biological behavior is similar is strik- 
ing. C viruses crop up again and again in 
places where poliomyelitis virus abounds, 


: > 
354 
| 
109} — 100 
90 
to 
j i f 
: 
8 
wees EEE EEE 
| 
Gomme giedsin 100 
: 
20 
4 i 
| 
eol | | | 
| 
| 
20 
é 
| 
é 
4 


Section on Microbiology 


355 


Tante VII—COMPARISON OF PROPERTIES AND BEHAVIOR 
POLIOMYELITIS VIRUS AND C VIRUS 


Poliomyelitis 


Virus C Virus 


VIRUS PROPERTIES 
Multiple Immunological Types 
Resistant to Ether 
Penicillin 
Streptomycin 
Chloromycetin 
Heat inactivation (aqueous medium for 30 min.) 
Sedimentation Constant (Svedberg units) 
Filtration Diameter 


EXPERIMENTAL DISEASE 
Mouse: Infant Susceptibility 
Adult Susceptibility 
Virus titer (ID) in suscep, mice 
Virus Distribution 


Chief Lesion 
Monkey: M. Cynomolgus 


Chimpanzee after feeding: 
Apparent disease . 
Viremia 
Pharyngeal carrier of virus 
Intestinal carrier of virus 
Early antibody rise 
Homotypic immunity 
Heterotypic susceptibility 


NATURAL DISEASE IN MAN 
Virus in throat 
Virus in stools 
Virus persists longer in stools than throat 
Neutralizing antibodies present early 
(at onset of disease) 
Complement fixing antibodies 
Clinical features: 
Fatalities 
Paralysis 
Pleocytosis in CSF 
Stiff neck and back 
Chest and abdominal pain 
(epidemic myalgia) 
EPIDEMIOLOGICAL FACTORS 
Family outbreaks 
Summer disease 
Virus found in sewage 
Virus found in flies 


Antibodies in normal gamma globulin and in 
normal sera 


+ 
+ 
+ 
+ 
+ 
oor 


135-155 


+ (Lan, type) 
10°3-5 
CNS 


10°5 to 10°58 
Muscle, ONS, 
feces, blood, etc. 
Myositis 
Fever, pharyngeal & 
intestinal 
carriers 


Myelitis 
Myelitis with 
paralysis 
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tion of cynomolgus monkeys with the 
Ohio type of Coxsackie virus (C virus). 
J. Immaunol., 1950, 64:101. 


and it will be the task of future investiga- 
tions to evaluate more completely the rdéle 
which the C viruses play in human disease. 
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Fulfils Both Treatment Objectives 
in Vaginitis Therapy 


“The treatment of trichomonas vaginalis vaginitis . . . has 
pretty well been narrowed down and standardized to two 
fundamental components of treatment. One is . . . the main- 
tenance of the normal acid pH of the vagina . . . and, secondly, 
the use of a parasiticidal agent to assist in the eradication of 
the offending organisms.” * 


.. a product of Searle Research—fulfils both treatment 
objectives. It supplies the powerful protozoacide, Diodoquin- 
Searle together with lac- 
tose, dextrose and boric acid for restoring depleted glycogen 
and reestablishing a pH unfavorable to vaginal infections. 


G. D. Searle & Co., Chicago 80, Illinois 


Floraguin Powder—for office insufflation 
Floraquin Tablets—for patient's use 


*Hardy, J. W.: Office Gynecology, J. Missouri St. M. A. 45:811 (Nov.) 1948, 
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reliable, convenient, 
versatile, palatable 


water-soluble liquid 
vitamin preparations 


Potent, economical and pleasant tasting, these three new vita- 
min preparations are ideally suited for routine supplementation 
of diets of infants, children and adults. € They may be dropped 
directly into the mouth, stirred into the formula, or mixed into 
cereals or other solid foods. € Each is supplied in 15 and 50 ce. 
bottles, with an appropriately calibrated dropper to assure ac- 
curate dosage and facilitate administration. 


POLY-VI-SOL 
Each 0.6 cc. s upplies 

Vitamin A 5000 USP units 
Vitamin D 1000 USP units 
Ascorbic Acid 50.0 mg 
Thiamine 1.0 mg 
Riboflavin 0.8 mg 
Niacinamide 5.0 mg. 


TRI-VI-SOL 
Each 0.6 cc. supplie 

Vitamin A S000 USP units 
Vitamin D 1000 USP units 
Ascorbic Acid 50 mg. 


CE-VI-SOL 
Each 0.5 cc. supplies: 
Ascorbic Acid 50 mg. 


MEAD JOHNSON & CO. 


New York Office: MEAD JOHNSON & CO., Port of Authority Bldg., 111 Eighth Ave. Tel.: CHelsea 2-7222 
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Extra Potency. WYCHOL is made with Tricholine 
Citrate. Each tablespoonful (15 cc.) provides 3 Gm. 
choline base (equivalent to 7.5 Gm. choline dihy- 
drogen citrate). . . plus an effective amount of in- 
ositol—0.45 Gm. 

Taste Appeal. WYCHOL has a pleasant fruity taste 
and is only mildly acid (pH 5.4-5.5) Gastric dis- 
tress or harm to teeth is minimized. 

Economy. Lowest in cost on the basis of content 
of lipotropic factors. 

Your patients will cooperate to get the most out 
of the therapeutic regimen when you prescribe 


WYCHOL 


SYRUP OF CHOLINE AND INOSITOL WYETH 


Professional literature sent on request 
SUPPLIED: Bottles of 1 pint. 


*Trade Mark 


—LIKE RUST IN PIPES— | 
Something 
new in 
Choline 
therapy 
Inosito 
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Doctors Are Showing 
Increased Interest” In 


WALKER-GORDON 


CERTIFIED 
LOW FAT (Skimmed) MILK 


Walker-Gordon Skimmed Milk is simply Walker-Gordon Certified 
Whole Milk from which the cream has been removed. It contains all the 
nutrients in Certified Whole Milk except the butterfat and fat soluble 
vitamins. It contains all the minerals including calcium and phosphorus, 
all the water soluble vitamins, all the amino acids, practically all the 
proteins and about one-half the calories found in whole milk. It is 
unsurpassed as a source of high quality protein which is so important 
during pregnancy, lactation, period of rapid growth and old age. 


* AN ACTUAL SURVEY of 8,500 physicians in the New York City area 
has shown that Walker-Gordon Certified Skimmed Milk is widely used by 
the Medical Profession. The following uses were mentioned in the survey: 
Pregnancy and Lactation, Obesity in Children and Adults, Abnormal Bile 
Secretion, Celiac Disease, Infant Feeding Cases, Gastric Ulcers, Diarrhea, 
Psoriasis, Allergy, Diabetic Diets, Colitis, Acne, Eczema, and Hypertension. 


Walker-Gordon Certified Skimmed Milk is handled by 
many leading dairy distributors in New York, New Jersey 
and Pennsylvania, Write or phone 


WALKER-GORDON LABORATORY COMPANY 


Plainsboro, N. J. Tel. Plainsboro 2750 
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comparable 
with an 
intramuscular 
4 injection 


Simple, practical and convenient, Schering’s 
Buccat Tablets offer “parenteral hormone therapy 
by mouth” with little sacrifice of potency. 
Dissolved in PoLynypRoL* base, a solid solvent, 
the steroid hormones are absorbed directly from 

the oral mucosa. Early hepatic inactivation 

is obviated permitting a clinical effect “by mouth” 
comparable with that of an intramuscular injection. 


“BUCCAL TABLETS 


Indicated in adrenal insufficiency —CorTATE® Buccal Tablets; 
in male hypogonadism — OrETON® Buccal Tablets; 

in the menopausal syndrome — PROGYNON® Buccal Tablets; 

in habitual abortion—PRoOLUTON® Buccal Tablets. 


Packaging: Cortate Buccal Tablets (Desoxycorticosterone 

Acetate U.S.P.) 2 mg.; Oreton Buccal Tablets (Testosterone Propionate 
U.S.P.) 2.5 and 5 mg.; Procynon Buccal Tablets (Estradiol 

U.S.P.) 0.125 and 0.25 mg. and Protuton Buccal Tablets 
(Progesterone U.S.P.) 10 mg. — in bottles of 30 and 100. 

*T.M 


CORPORATION 


BLOOMFIELD, N. J. 
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e@ Vitamin B,. concentrate has just been made commercially 


available to the leading ethical pharmaceutical firms by Pfizer. 
As with all vitamins produced by Pfizer, Vitamin B,,. concen- 


trate will be marketed to leading pharmaceutical firms for incor- 


poration in the end products you prescribe. Two forms—one 


for parenteral solutions and one for capsules and tablets—are 


available in economical forms. 


As your unseen supplier, Pfizer provides Vitamins, Antibiotics 
and many fine chemicals to the pharmaceutical manufacturers 
of America, constantly maintaining standards of quality estab- 


lished over 100 years ago. Chas. 


Pfizer & Co., Inc., 630 Flushing . 
Ave., Brooklyn 6. N. Y. 
® 


Manufachuriing Chemists for Over 100 Years 


| 
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Herald Square, N. Y. 


Porkchester, Bronx 


White Plains, N. Y. 


Jamaica, Queens 


Flatbush, Brooklyn 


MACY'S PRESCRIPTION DEPARTMENT 


If it’s new, Macy’s has it. With the pharmaceutical industry con- 
stantly developing new drugs for the physician's use, Macy's stocks 
each product as soon as it is ovailable. Your patient will not have 
to search out new drugs; we have them. And our prices are low. 


No wonder so many physicions prefer Macy's Prescription Department. 


THE INDICATION DICTATES THE CHOICE OF MEDICATION 


7 Glycerol (Doho) by exclusive process 
gravity and is virtually free 


1M ACUTE OTITIS MEDIA 

REMOVAL OF IMPACTED CERUMEN 

AS AN ADJUNCT TO SYSTEMIC ANTI- 
INFECTIVE THERAPY, AS PENICILLIN, ETC. 
CONTAGIOUS DISEASE EAR INVOLVEMENTS 


- - because i its potent d ing and 
action provid quick, efficient relief of poin 
end inflammation in any intact drum involvement. 


FORMULA: 

Glycerol (DOHO) ... 17.95 GRAMS 

(Highest obtainable spec. grov. 

Antipyrine 0.81 GRAMS 
== 0.21 GRAMS 


has the highest obtainable specific 
ef water, alcohol and 


IN CHRONIC SUPPURATIVE 
OTITIS MEDIA, FURUNCULOSIS 
AND AURAL DERMATOMYCOSIS 


USE .T05-MO-SAN 


potent chemical combination (not 
@ mere mixture), combining Sulfathiazole 
ond Urea in AURALGAN Glycerol (DOHO) 
Base—because it exerts a powerful solvent action 
on protein matter, liquefies and dissolves exuberant 
granulation tissue, cleanses and deodorizes, and 
tends to exhilarate normal tissve healing in the effec- 
tive control of chronic suppurotive otitis media. 
FORMULA: 
Sulfethiozole 
Glycerol (DOHO) Base. 


Literature and samples sent to physicians on request. 


DOHO CHEMICAL CORP. Makers of AURALGAN and 0-TOS-MO-SAN NEW YORK 13 
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CAMP ANATOMICAL SUPPORTS 
for ORTHOPEDIC 
CONDITIONS 


* Whether it be relief from 
lesser degrees of postural or 
occupational strain, or as 
an aid in treatment follow- 
ing injury or operation, the 
Camp group of scientifically 

designed orthopedic supports for 
men, women and children will be 
found ‘‘comprehensive.’’ Sacro- 
iliac, Lumbosacral and Dorso- 
lumbar supports may be prescribed 
for all types of build. The Camp 
system of construction fits the sup- 
port accurately and firmly about 
the major part of the bony pelvis 
as a base for support. The unique 
system of adjustment permits the 
maximum in comfort. Physicians 
may rely on the Camp-trained fit- 
ter for the precise execution of all 
instructions. 

If you do not have a copy of the 
Camp ‘Reference Book for Phy- 
sicians and Surgeons’’, it will be 
sent on request. 


THIS EMBLEM is displayed only by reliable merchants 
in your community. Comp Scientific Supports ore never 
sold by door-to-door canvassers. Prices are based on 
intrinsic value. Regular technical and ethical training of 
Camp fitters insures precise and conscientious attention 
to your recommendations. 

b 


S. H. CAMP & COMPANY, JACKSON, MICHIGAN 
World's Largest Manufacturers of Scientific Supports 


Offices in New York © Chicago « Windsor, Ontario * London, England 
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has added to its bathing and drinking cures the utilization of its 
natural mineral waters in the form of nebulized vapor—adminis- 
tered for the alleviation of certain respiratory diseases of allergic 
or other nature. 


For literature write 
Wacter S. McCretran, M.D., Medical Director 
610 Saratoga Springs New York 


THE STATE OF NEW YCRK ... THE SARATOGA SPA 


for the successful treatment of .. 


the DAXALAN-DOME-PASTE BANDAGE TECHNIQUE 
AS INTRODUCED BY DR. WILLIAM M. COOPER, Director, Department of Peri- 
pheral Vascular Diseoses—New York Polyclinic Medical School and Hospital. 
This technique is based on a 3 point program— 
Reduction of dermatitis with wet dressings of 
DOMEBORO TABS (BUROW’S SOLUTION) 
2) Combat local infection and stimulate healing 


with thick application of DAXALAN in the center 
of the ulcer and surrounding creas. 


Overcome venous insufficiency, stasis and 
( edema by wrapping DOME-PASTE BANDAGE 


cround the entire leg to supply compression. 


DOME CHEMICALS INC. | 


Makers of the Soothing, Modernized Form of Burow’s Solution 
- _DOMEBORO — —Tablets - Powder - ets + Ointment 


tablets 


high theophylline content, ready solubility 


ampuls for rapid therapeutic effects in: 
powder 
suppositories Bronchial Asthma 


Paroxysmal Dyspnea 


d u b i n Cheyne-Stokes Respiration 
s 
aminophyllin 


(theophylline-ethylenediamine) 


H. e DUBIN LABORATORIES, tne. 2 250 E. 43rd St., New York 17, N.Y. 


MAGER & GOUGELMAN, INC. 


FOUNDED 1851 
510 MADISON AVENUE ¢ NEW YORK 22, N. Y. © Plaza 5-3756 


Specialists in the manufacturing and fitting of 


PLASTIC AND GLASS EYES 


The New Magnetic Implant Designed by Dr. Troutman 
Reprints and Catalogue Available 
PARTICULAR ATTENTION GIVEN TO FITTING 
PROSTHESIS FOR MOTILITY IMPLANTS 
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Specialists in Plastic and Glass 
Artificial Human Eyes Exclusively 


REFERRED CASES CAREFULLY ATTENDED 


FRIED & KOHLER, Inc. 


665 FIFTH AVENUE NEW YORK, N. Y. 
near 53rd Street Tel. Eldorado 5-1970 


THE ONLY COMMODITY 


of the Physicians’ Home is warmly extended bene- 
ficiary aid to the battered and weary spirits of many 
aged colleagues throughout the State of New York. 
TO THESE, OUR GUESTS, LIFE BEGINS ANEW. 
* 


Make checks payable to 
PHYSICIANS’ HOME 
52 EAST 66th STREET © NEW YORK 21 


* 


OFFICERS 


M.D., Assistant Treasurer 


Walter W. Mott, M.D., President Alfred Hell 
Harvey B. Matthews, M.D., Vice-President Beverly C. Smith, M.D., Secretary 


B. Wallace Hamilton, M.D., Treasurer Adrian Lambert, M.D., Assistant Secretary 


SHOE ALTERATIONS 


FROM OUR PRESCRIPTION FILES... Qala 


When proper shoes, with or without alterations, = / 
are indicated you can recommend Pediformes Inner border yg ore 
with confidence heel wedge with fe 


d f counter reinforcement © 
et Pat 


scaphoid pad | 
FOOTWEAR 


MANHATTAN 34 WEST 36% STREET 
BROOKLYN 288 LIVINGSTON STREET 
FLATBUSH 842 FLATBUSH AVENUE 
EAST ORANGE — HACKENSACK — NEW ROCHELLE — HEMPSTEAD . 
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When, in your opinion, beer can be beneficial 
in the convalescent’s diet, it will be helpful to note the virtues 
of one brewed solely of barley-malt*. 


Trommer’s White Label is one of the few beers 


of this type produced in America. Carefully following 


the old-world formula, it is brewed solely of selected hops 
and fine barley-malt, but no other grain. 
The result is a fine premium beer, light to taste, light 


to drink—a beer especially welcomed by the patient. 


*Malted Barley is rich in an enzyme which digests 
starch in the production of maltose. (From “Accepted 
Foods and Their Nutritional Significance,” by the 
Council on Foods of the American Medical Association) 


—TROMMERS 


White Label BEER 


JOHN F. TROMMER INC., BREWERIES AT BROOKLYN, N. Y.; ORANGE, N. J. 
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CHARLES B. TOWNS HOSPITAL 


Complete Medical & Psychiatric Treat- 
ment at predetermined cost. Privacy 
FOR THE TREATMENT OF ALCOHOLISM of patient is assured—if desired. 


literature on Request 


NARCOTIC AND BARBITURATE Wm. D. Silkworth, Medical Director 
| Edward B. Towns, Director 
: ADDICTIONS EXCLUSIVELY 293 Central Park West, N. Y. 24, N. Y. 
SChuyler 4-0770 
Member American Hospital Association 


for accelerated transfusion 
HIRSCH-ADAMS BI-VALVE 


A simple and inexpensive means of cut- 
ting transfusion time considerably below 
that required with gravity-feed systems. 

A syringe is attached to the center fitting 
of the device, as illustrated. When the syringe 
plunger is pulled out it closes the outlet valve, 
opens the inlet valve and draws in fluid; push- 
ing in the plunger closes the inlet valve and 
| forces the fluid through the opened outlet 
valve. Inlet and outlet fittings are so ground 
that hypodermic needles can be attached to 
them directly or with rubber tubing. 


: Other uses include: intravenous injections, 
] pooling of blood plasma, infiltration, aspira- 
| tion, artificial pneumo-thorax, phlebotomy and 
Irrigations, 

“Every surgical tray should have on it 
the Hirsch-Adams Bi-Valve.” 


Ref.: Sidney Hirsch, M.D., 
of Surgery, Feb. 1943. 


Order from your Surgical Supply Dealer 


innals 


Senses NEW YORK 10 A-2566X Hirsch-Adams Automatic Bi-Valve Outfit; 
ole joe? 6. 7 with Bi-Valve, clysis tubing, Luer hose adapter, 


sinker and 19 gauge Gold Seal needle each $6.50 


For Making POWDER IN ENVELOPES 
WET DRESSINGS PRESTO-BORO OR IN TABLETS 
Burow's Solution N.F. “PRINCIPAL INGREDIENT OF BASIC ALUMINUM ACETATE” 


For wet dressings with astringent and antiphlogistic properties in the symptomatic treatment of inflam- 
mations, sprains, insect bites. For rapid healing by their antipruritic, decongestive action. Accurate 
dosage. Antiseptic. Stable. ACCEPTED BY U. S. ARMY & NAVY. 


For Anti-Fiatulent Effects NUCARPON ,, Each tablet contains: Extract of Rhubarb, 

in Intestinal Putrefaction Senna, Precipitated Sulfur, Peppermint Oil and Fennel Oil, in a high 
and Fermentation activated willow charcoal base. 

Action and uses: Mild laxative, adsorbent and carminative. For use in 

a indigestion, hyperacidity, bloating and flatulence. Also for treatment of dermatoses. 


Dosage: | or 2 tablets daily ‘2 hour after meals. Bottles of 100. 


STANDARD PHARMACEUTICAL CO., INC. 1123 Broadway, N. Y. 
WAtkins 9-8469 - 8477 
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Vv ¥ 
TRICHOMONIASIS 


results 98% EFFECTIVE* 


with ARGYPULVIS 


*Report of Reich, Button and Nechtow in Surgery, Gynecology and Obstetrics . . . (See coupon offer.) 


No more effective treatment has been de- of Trichomoniasis, the same powder 
veloped than this simplified procedure . . . used in office treatment is available in 
made possible with the newest adaptation capsule form for supplemental home use. 
of the always dependable arcyrou. Inthe — So... for effective treatment and better 
ARGYPULVIS technique for better control control... use and prescribe ARGYPULVIS. 


convenient 


For Use by the Physician = 
7-gram bottles fisting INTRODUCTORY TO PHYSICIANS: *On request we 
Holmspray or e will send professional samples of ancyrutvis (both forms), 
ivalent powder- together with a reprint of the Reich, Button and Nechtow 
lower (in cartons of 3) report. (Use coupon.) 


A. C. Barnes Company 
Home 
Dept. AM-50, New Brunswick, N. J. 


(in bottles of 12)» 


ARGYROL and ARGYPULVIS are registered trademarks, the property of 
ARGYPULVIS A. C. BARNES €0.. NEW BRUNSWICK, N. J. 
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Have a Coke 


The pause that refreshes 
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THROAT SPECIALISTS REPORT 
ON 30-DAY TEST OF CAMEL SMOKERS: 


thioat imtztion We 
to smoking Camels!” 


# 


Yes, these were the find- 
ings of throat specialists 
after a total of 2,470 

weekly examinations of 
the throats of hundreds 
of men and women who 

smoked Camels — and 

only Camels —for 30 
consecutive days. 


IT WAS GOOD TO 
HAVE THE DOCTOR'S WORD 
ON IT, BUT | KNEW CAMEL 
MILDNESS AGREED WITH 
MY THROAT FROM THE 
START. THEYRE A 
GREAT SMOKE ! 


ROBERT LAMKIE 
Personnel Director 
One of hundreds of 
people from coast 
to coast who mode 
the 30-Dey Camel 
mildness test un- 


On 
of thront specialists. 


RJ. Reynolds Tobsece Co.. Winston-Salem. N.C 


ACCORDING TO A NATIONWIDE SURVEY: 


MORE DOCTORS SMOKE CAMELS 


THAN ANY OTHER CIGARETTE 


Yes, doctors smoke for pleasure, too! In a nationwide survey, three independent research organi- 
zotions osked 113,597 doctors what cigcrette they smoked. The brand named most was Comel. 
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PROTEIN 
without BULK 


ESSENAMINE POWDER- 

smooth, micronized protein con- 
ides 3 to 5 times 


weight for 


Essenamine is available in three easy-to-take forms: 


1. ESSENAMINE POWDER UNFLAVORED is virtually tasteless... bland . . . micron- 
ized powder . . . blends well with milk, fruit and vegetable juices, broths, meat loaf, 
dag! baked goods, custards, puddings, ice cream, etc. Cooking does not impair its value. 


2. ESSENAMINE COMPOUND POWDER (with Carbohydrate 30%). 


Monel 3. ESSENAMINE COMPOUND GRANULES (with Carbohydrate 25%). 


Essenamine Compound Powder may be incorporated in milk, milk drinks, baked 
goods, custards, puddings, ice cream and other desserts. Essenamine Compound Gran- 
ules are pleasantly crunchy and are eaten as such or with milk, cream and sugar. 


Essenamine Powder (UNFLAVORED), 
7% and 14 oz. glass jars. 


® 
*% Essenamine Essenamine Compound Powder 


(VANILLIN FLAVOR), 7% oz. glass jars. 
Concentrated Source of All Essential Amino Acids 


(VANILLIN FLAVOR), 7% oz. glass jars. 


New Yoax, NY. Winosoa, Ont. 


F 
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Essenamine, trademork reg. U. S. & Conada 
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An unsuspecting villager braves the night air 
for a stroll. A slinking stranger steals out of 
the shadows and slyly slips something into the 
stroller’s pocket ...a scrap of paper bearing 
one word: “Fever.” The sinister character has 
shamelessly wished his fever on his neighbor, 
believing thus to rid himself of it. 

Superstition has long been one of the 
greatest handicaps in the advance of medicine. 
In the past superstition was no more discour- 
aging than the lack of dependable drugs for the 
treatment of disease. Today, the physician has at 
his disposal uniformly dependable medicinals. 

For over 80 years physicians have relied on 
the uniform, dependable purity of Mallinckrodt 
products. 


MALLINCKRODT PRESCRIPTION CHEMICALS 
lodides Silver Salts 

Bismuth Compounds Mercurials 

Iron Compounds Salicylates 
Diagnostic Aids Mandelates —— 
Sulfonamides Vitamins 

Anesthetic Agents 


Years of Service lo Chemical Users 


MALLINCKRODT CHEMICAL WORKS 
Mallinckrodt Street, St. Louis 7, Mo. » 72 Gold Street, New York 8, N.Y. 
Chicago « Cincinnati - Cleveland - Los Angeles 
Montreal - Philadelphia - San Francisco 
Uniform, Dependable Purity 
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Only one or two tablets daily—plus an occasional injection—are 
needed to maintain the cardiac patient at “dry weight” employing 
Tablets MERCUHYDRIN® with Ascorbic Acid. Some patients—freed 
of accumulated fluid with parenteral meralluride sodium—may 
be kept edema-free on tablets alone. 


Tablets MERCUHYDRIN with Ascorbic Acid permit daily fluid con- 
trol with a minimum of injections facilitating the frequent-dosage - 
schedule of modern diuretic therapy. 


ideal for ambulant patients and those who cannot be given 
frequent injections. 

well tolerated when prescribed in the recommended dosage. 
effective in producing mild, sustained diuretic action. 


convenient—the oral is the safest and most convenient route. 


Keep your cardiac patients edema-free with . . . 


WITH ASCORBIC ACID 


dosage: One to two tablets daily—morning or evening—preferably after 
meals. 

available: Bottles of 100. Each tablet contains meralluride 60 mg. and 
ascorbic acid 100 mg. 


wheside 
aboratorytés, INC., MILWAUKEE 1, WISCONSIN 
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Doubly effective: is gastric 


entacid and an effective antispasmodic 
‘to control gastric discomfort. 


coating which hes been obeerved in 


Issued: Carmethse-Trasentine 
magnesium oxide, 75 mg.; 25 ag, 
Bottles of 100. 
Carmethose without Trasentine ia nies evailable ac. 
fix wse im cases where the an 
ae Tablets, each containing sodimmp 
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